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M.  Inst.  C.E. 

Coverley,  J.  S   Surveyor  to  the  Local  Board,  Penmaenmawr. 

Cowan,  P.  C,  M.  Inst.  C.E.  County  Surveyor,  Down,  Ireland. 

Cox,  J.  H.,  M.  Inst.  C.E.  Borough  Surveyor,  Town  Hall,  Bradford. 

(Member  of  Council.) 

Crabtree,W.,  M.  Inst.  C.E.  Borough  Surveyor,  Southport. 

Crabtree,  W.  H.  R.,  Assoc.  Borough  Surveyor,  Doncaster. 

M.  Inst.  C.E. 

Creer,  A.,  Assoc.  M.  Inst.C.E.  City  Surveyor,  York. 

(Member  of  Council.) 

Cregeen,  H.  S   Consulting  Surveyor  to  the  Local  Board,  Bromley, 

Kent. 

Crickmay,  E.  W   Late   Surveyor  to  the   Local  Board,  Sutton. 

7  Duke  Street,  Adelphi. 

Crimp,  W.  Santo,  M.I.C.E.  27  Great  George  Street,  S.W. 

Crowther,  J.  A   Borough  Surveyor,  Bootle. 

Crummack,  H.  C,  A.M.I.C.E.  Borough  Surveyor,  Hartlepool. 

Currall,  A.  E   Surveyor  to  the  Rural  Sanitary  Authority,  Soli- 
hull, Warwickshire. 

Curry,  W.  T.,  A.M.I.C.E.  ..  Thornton  House,  Serpentine  Road,  Newport,  Mon. 
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Dalton,  J.  P   Surveyor  to  the  Local  Board,  Ryton-on-Tyne. 

Davies,  E   Borough  Surveyor,  Brecknock. 

Davies,  R.  W   Surveyor  to  the  Local  Board,  Newtown,  N.Wales. 

Davies,  W.  A.,  A.M.I.C.E.  . .  Surveyor  to  the  Local  Board,  Aston  Manor. 

Davis,  A.  T.,  Assoc.  M.  Inst.  County  Surveyor,  Salop ;   Hon.  Secretary,  Mid- 

C.E.  (Member  of  Council.)  land  Counties  District. 

Dawson,  C.  J   Surveyor  to  the  Local  Board,  Barking. 

Dawson,  W.,  A.  M.  Inst.  CE.  Surveyor  to  the  Local  Board,  Leyton,  E. 

DEACON,  G.  F.,  M.  Inst.  32  Victoria  Street,  Westminster,  S.W. 

CE.  (Past  President.) 

Deaeden,  Hy   Borough  Surveyor,  Batley. 

Dennis,  N.  F.,  A.M.I.C.E.  ..  Town  Surveyor,  West  Cowes. 

De  Noemanville,  W.,  Assoc.  Borough  Surveyor,  Leamington  Spa. 

M.  Inst.  CE. 

Dent,  William    Late  Surveyor  to  the  Local  Board.  Nelson-in- 

Marsden,  Lancashire.   Railway  Street,  Nelson. 

Deveeell,  T.  C,  A.M.I.C.E.  Borough  Engineer,  South  Brisbane,  Queensland. 

Dickinson,  T.  R.,  A.M.I.C.E.  Borough  Surveyor,  Hertford. 

Diggle,  Jas.,  A.M.I.C.E.    . .  Borough  Engineer,  Hey  wood. 

Diggle,  Wm   Surveyor,  Frodsham,  Chester. 

Ditch  am,  H   Borough  Surveyor,  Harwich. 

Dixon, E.K.,M.E.,  A.M.I.C.E.  City  Surveyor,  Castlebar,  Mayo. 

Dixon,  F.  E.,  A.M.I.C.E.    ..  Surveyor  to  the  Local  Board,  Bamber  Bridge, 

near  Preston. 

Dixon,  Isaac   Late  Surveyor  to  the  Local  Board,  Wavertree. 

Dixon,  R.      . .    *   Surveyor,  Harborne. 

Dodd,  P.,  A.M.I.C.E   Surveyor,  Wandsworth,  S.W. 

Doeman,  R.  H.,M.  Inst.  CE.  County  Surveyor,  Armagh  ;  Hon.  Secretary,  Irish 

(Member  of  Council.)  District. 

Dtjffin,  W.  E.  L.,  M.I.C.E.I.  County  Surveyor,  Waterford,  Ireland. 

Dunscombe,      C,      M.A.,  32  Victoria  Street,  Westminster,  S.W. 

M.  Inst.  CE. 

Dunscombe,  N.,  A.M.I.C.E.  Borough  Surveyor,  Chesterfield. 

Dyack,  W.,  A.  M.  Inst.  CE.  Burgh  Surveyor,  Aberdeen. 

Dyee,  S   Late  Surveyor  to  the  Local  Board,  Bridlington. 

Eaenshaw,  J.  T.,  Assoc.  M.  Borough  Surveyor,  Ashton-under-Lyne,  Lanca- 

Inst.  CE.  shire. 

Eaton-Shoee,G.,  A.M.I.C.E.  Borough  Surveyor,  Crewe. 

EAYRS,  J.    T.,   M.    Inst.  Borough  Surveyor,  West  Bromwich. 

CE.  (Past  President.) 

Ebbetts,  D.  J   Surveyor  to  the  Local  Board,  Acton. 

Eckeesley,  W   Surveyor  to  the  Local  Board,  Chadderton,  Lanca- 
shire. 

Eddowes,  W.  C   Borough  Surveyor,  Shrewsbury. 

Edge,  F.  J.,  A.  M.  Inst.  CE.  Surveyor  to  the  Local  Board,  Cleator-Moor. 

Edinger,  P   Surveyor  to  Local  Board,  Frome. 

Edmuneson,  S   Surveyor   to   the   Rural    Sanitary  Authority, 

Burnley. 

Elfoed,  J   Borough  Surveyor,  Poole. 

ELLICE-CLARK,  E.  B.,  M.  Late  County  Surveyor  for  Sussex  (West).  Con- 

Inst.  CE.  (Past  President.)  naught  Mansions,  Westminster,  S.W. 

Ellis,  R.  E.,  A.M.I.C.E.     . .  Engineer  to  the  Municipality,  Madras. 

Escott,  E.  R.  S.,  M.  Inst.C.E.  Borough  Engineer,  Halifax. 
(  Vice-President.) 

Evans,  J   Borough  Surveyor,  Grantham. 

Eveeett,  F.  C,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  West  Derby. 

Faieley,  W.,  A.M.I.C.E.    . .  Richmond  Main  Sewerage  Board,  Mortlake,  S.W. 

Fareall,  T   Surveyor  to  the  Local  Board,  Sherborne,  Dorset. 

Faeeington,  T.  B   Borough  Engineer,  Conway. 

Fenn,  T   Surveyor  to  the  Local  Board,  Upper  Soothill,  near 

Dewsbury,  Yorks. 
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FlDDIAN,  W  

FlNDLAY,  R.,  A.M.I.G.E.  .. 
Flower,  J.  Moss  

Forder,  W.  G.,  A.M.I.C.E. .. 

Foster,  T  

FOWLER,    ALFRED  M., 

M.  Inst.  C.E.  (President.) 
Franks,  T.  W.,  A.M.I.C.E. 

Fraser,  A.  O  

Fraser,  W.,  A.M.I.C.E. 

Fry,  W.  H.,  A.M.I.C.E.     . . 

Gamble,  S.  G.,  Assoc.  M.  Inst. 

C.E. 
Gammage,  J.  .. 
Garratt,  C.  T  

Garrett,  H.  A.,  A.M.I.C.E. 

Garrett,  J.  H  

Gaskell,  P  

Gatjlter,  M.  S  

Geen,  H  

Ginn,  A.  F.  %  


Glover,    E.,    M.A.,  B.E., 

M.I.C.E. 
Gloyne,  R.  M.,  A.M.I.C.E. .. 

Godfrey,  B  

Godfrey,  R.,  A.  M.  Inst.  C.E. 

(Member  of  Council.) 

GOLDSWORTH,  W  

Goodyear,  H.,  A.M.I.C.E.  .. 

Graves,  M.  D  

Gray,  R.  A  

Gray,  W.  H  

Greatorex,  A.  D.,  A.M.I.C.E. 
Green  well,  A.,  A.M.I.C.E. , . 
Greenwood,  A  

Gregson,  G  

Gregson,  J.,  A.M.I.C.E. 

Grieves,  R  

Griffiths,  F  

Grimley,  S.  S.,  A.M.  Inst.CE. 

Gunnis,  J.  W  

Gunyon,  C.  J.,  A.M.  Inst.C.E. 

Hackett,  E.  A.,  M.E.,  Assoc. 

M.  Inst.  C.E. 
Haigh,  Jon.,  A.  M.  Inst.  C.E. 
Hall,  Joseph,  Assoc.  M.  Inst. 

C.E.  (Member  of  Council,) 

Hall,  M  

Hall,  W.,  A.M.I.C.E  


Town  Surveyor,  Stourbridge. 
Surveyor  to  the  Parish  of  Eltham,  Plumstead. 
Surveyor  to  the  Local  Board,  Portishead,  near 
Bristol. 

Surveyor  to  the  Rural  Sanitary  Authority,  Croy- 
don. 

Surveyor  to  the  Hoylake  and  West  Kirby  Local 
Board. 

1  St.  Peter's  Square,  Manchester. 
Borough  Surveyor,  Lewes. 

Surveyor  to  the  Local  Board,  Allerton,  Liverpool. 
Surveyor   to    the  Rural    Sanitary  Authority, 
Cardiff. 

Surveyor  to  the  Local  Board,  Alverstoke, 

Metropolitan  Fire  Brigade,  Southwark  Bridge 
Road. 

Borough  Surveyor,  Dudley. 

Surveyor  to  the  Local  Board,  Ashby  Woulds. 

Market  Street,  Ashby-de-la-Zouch. 
Town  Surveyor,  Torquay. 
County  Surveyor,  Worcester. 
Surveyor  to  the  Local  Board,  Hornsea,  near  Hull. 
Town  Surveyor,  Fleetwood. 
Borough  Surveyor,  Okehampton. 
Late  Surveyor  to  the  Rural  Sanitary  Authority, 

Chelmsford.     Salisbury  Villa,  Quarry  Road, 

Tunbridge. 
County  Surveyor,  Kildare,  Ireland. 

Borough  Surveyor,  Eastbourne. 

Borough  Surveyor,  Droit wich. 

Surveyor  to  the  Rural  Sanitary  Authority,  King's 

Norton.    King's  Heath,  near  Birmingham. 
Surveyor  to  the  Local  Board,  Prescot,  Lancashire. 
Borough  Surveyor,  Colchester. 
Surveyor  to  the  Local  Board,  Bexhill. 
County  Surveyor,  Dublin. 

Borough  Surveyor,  Tewkesbury,  Gloucestershire. 
Surveyor  to  the  Local  Board,  Sutton,  Surrey. 
Surveyor  to  the  Rural  Sanitary  Authority,  Frome. 
Late  Surveyor  to  the  Local  Board,  39  Calder 

Street,  Todmorden. 
Surveyor  to   the    Rural    Sanitary  Authority, 

Durham. 

Surveyor  to  the  Local  Board,  Padiham,  near 
Burnley. 

Surveyor  to  the  Cowper  Local  Board,  Blythe, 

Northumberland. 
Corporation  Waterworks  Engineer,  Leicester. 
Surveyor  to  the  Local  Board,  Hen  don. 
County  Surveyor,  Longford,  Ireland. 
Surveyor  to  the  Local  Board,  Wood  Green. 

County  Surveyor,  South  Tipperary,  Ireland. 

Town  Surveyor,  Abergavenny. 

Borough  Surveyor,  Cheltenham ;  Hon.  Secretary t 

Western  Counties  District. 
Borough  Surveyor,  South  Shields,  Durham. 
Surveyor  to  the  Local  Board,  Great  Crosby. 
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Hamar,  A   Borough  Surveyor,  Bishops'  Castle,  Shropshire. 

Ham  by,  G.  H   Borough  Engineer,  Lowestoft. 

Hammonds,  G.  B   Surveyor  to  the  Local  Board,  Newport,  Salop. 

Hanson,  W   Surveyor  to  the  Highway  Board,  Wantage. 

Harding,  J.  K.,  A.M.LC.E. . .  Late  Surveyor  to  the  Local  Board,  Epsom,  Surrey. 

Hare,  F.  H   Surveyor  to  the  Local  Board,  Mirfield. 

Harpur,  W.,  M.I.C.E   Borough  Engineer,  Cardiff. 

Harrison,  O.  E   Surveyor  to  the  Local  Board,  Worksop. 

Harrison,  B.  J.,  A.M.LC.E.  Borough  Surveyor,  Derby. 

Harty,  S.,  M.I.C.E.I   City  Engineer,  Dublin. 

Harvey,  E.  J   Surveyor  to  the  Local  Board,  Ventnor. 

Harvey,  T.  F.,  A.M.LC.E. . .  Engineer  to  the  Local  Board,  Merthyr  Tydvil. 

Haw  good,  R.  H   Surveyor  to  the  Rural  Sanitary  Authority,  Aston. 

Hawkings,  S.  T   Surveyor  to  the  Local  Board,  Bromley. 

Hawkins,  I.  T   Town  Surveyor,  Somerton,  Somersetshire. 

Hawley,  G.  W   Surveyor  to  the  Nottingham  District  Highway 

Board,  Nottingham. 

Heath,  G.  A   Surveyor   to   the   Rural   Sanitary  Authority, 

Watford. 

Heaton,  Geo.,  Assoc.M.  Inst.  Surveyor  to  the  Local  Boards,  Pemberton,  Aspull, 

C.E.  Abram,  and  Orrell.    King  Street,  Wigan. 

Henderson,  A.  J.,  A.M.LC.E.  Surveyor  to  the  District  Highway  Board,  Kingston. 

Hepworth,  J.,  M.  Inst.  C.E. . .  Engineer  to  the  Gas   and  Waterworks  of  the 

Corporation  of  Carlisle. 

Heron,  J.,  B.E.,  B.A   County  Surveyor,  Monaghan,  Ireland. 

Herrod,  H.   Surveyor  to  the  Rural  Sanitary  Authority,  Barrow- 

on-Soar,  near  Loughborough. 

Heward,  T.  L   Surveyor  to  the  Local  Board,  Carshalton. 

Hewson,  T.,  M.  Inst.  C.E.  . .  Borough  Engineer,  Leeds. 

Hickes,  T.  J   County  Surveyor,  Cornwall  (W.  division),  Truro. 

Higgens,  T.  W.  E.,  A.M.LC.E.  Vestry  Hall,  Chelsea. 

Higginson,  T   28,  Deacon  Road,  Appleton,  Widnes. 

Hikeley,  G.  S   Surveyor  to  the  Local  Board,  Saltburn-by-the-Sea. 

Hind,  H   Surveyor  to  the  Local  Board,  Erith. 

Hodge,  J.  L.,  A.M.LC.E.  ..  Late  Surveyor  to  the  Local  Board,  East  Stone- 
house,  Devon.  22  Courtenay  Street,  Plymouth. 

Hodson,  Geo.,  M.  Inst.  C.E.  Loughborough.  Abbey  Buildings,  Prince's  Street, 

Westminster,  S.W. 

Holden,  Jas.,  A.M.LC.E.  ..  Surveyor  to  the  Highway  Board,  Llandaff. 

Holland,  E.  S   Borough  Surveyor,  Leominster. 

Hollings,  G   Surveyor  to  the  Local  Board,  Wallsend. 

Holmes,  G.  W.,  A.M.LC.E. ..  Surveyor  to  the  Local  Board,  Walthamstow. 

Holt,  G.  F   Surveyor,  Poplar  District  Board  of  Works. 

Hooley,  Cosmo  C,  Assoc.  M.  Rural  Sanitary  Authority;  Barton-upon-Irwell, 

Inst.  C.E.  Patricroft. 

Hooley,  E.  P.,  A.M.Inst.C.E.  County  Surveyor,  Nottingham. 
(Member  of  Council.) 

Hooper,  J.  D   Surveyor  to  the  Local  Board,  Woodford,  Essex. 

Hope,  W.  H   Surveyor  to  the    Rural    Sanitary  Authority, 

Kingston-on-Thames. 

Hopkinson,  W.  H   Borough  Engineer,  Keighley. 

Hopper,  H.  T   Surveyor  to  the  Local  Board,  North  Ormesby, 

near  Middlesbrough. 

Horan,  J.,  M.E.,  M.I.C.E.  County  Surveyor,  50  George  Street,  Limerick, 

Ireland. 

Horton,  G.  S   Surveyor  to  the  Local  Board,  Felixstowe. 

Howard,  H   Surveyor  to  the  Local  Board,  Littlehampton. 

Howcroft,  James       ..     ..  Surveyor,   Kirkleatham   Local  Board,  Redcar, 
(Member  of  Council.)  Yorkshire  ;  Hon.  Sec,  N.  Counties  District. 

Howell,  F.  G   County  Surveyor,  Kingston-on-Thames. 

Howell,  J   Surveyor  to  the  Local  Board,  Glyncorrg. 

Hunt,  G.  J   Borough  Engineer,  Dorchester. 
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Inglis,  J.  C,  M.Inst.  C.E.  ..    Surveyor  to  the  Local  Board,  Compton  Gifford, 

Devon. 

Iron,  W   Surveyor  to  the  Vestry,  Clerken well. 

Irving,  W.  E  „    Surveyor  to  the  Municipal  Shire  of  Toowong,  near 

Brisbane,  Queensland. 
Isaacs,  L.  H   Surveyor  to  the  Holborn  District  B.  W.,  3  Yeru- 

lam  Buildings,  Gray's  Inn  Rd. 

Jackson,  N   County   Surveyor,  Co.    Cork   (West  Riding), 

Ban  don,  Co.  Cork. 

Jaffrey,  W   Town  Surveyor,  Matlock  Bath. 

Jameson,  M.  W   Surveyor  to  the  Local  Board,  South  Hornsey. 

Jeeves,  Ed   Surveyor  to  the  Local  Board,  Melton  Mowbray. 

Jennings,  G   Borough  Surveyor,  Rotherham. 

Jevons,  J.  H   Surveyor  to  the  Local  Board,  Braintree. 

Jones,  A.  S.,  Lt.-Col.,  Late  Consulting  Engineer  to  Urban  Sanitary 

Assoc.  M.  Inst.  C.E.  Authority,  Wrexham.    Junior  United  Service 
Club,  S.W. 

JONES,  C,  M.  Inst.  C.E.  Surveyor  to  the  Local  Board,  Ealing,  Middlesex. 

(Past  President  and  General 
Hon.  Secretary.') 

Jones,  Christopher    ..     ..  Surveyor  to  the  Local  Board,  Teignmouth. 

Jones,  I.  M.,  Assoc.  M.  Inst.  City  Surveyor,  Chester ;  Engineer  to  the  Dee 

C.E.  Bridge  Commissioners. 

Jones,  J   Surveyor   to    the   Rural    Sanitary  Authority, 

Merthyr  Tydvil. 

Jones,  J.  O   Borough  Surveyor,  Pwllheli. 

Jones,  W.,  A.M.I. C.E   Surveyor  to  the  Local  Board,  Colwyn  Bay. 

Jukes,  W.  H.   Surveyor  to  the  Local  Board,  Tipton. 

Kemp,  J.,  Assoc.  M.  Inst.  C.E.  Surveyor  to  the  Local  Board,  Hampton,  Middlesex. 

Kennedy,  J.  D   Town  Surveyor,  Retford. 

Kidd,  T.,  A.  M.  Inst.  C.E.  ..  City  Engineer,  Ripon. 

Kilford,  H.  J   Borough  Surveyor,  Ilkeston,  Derbyshire. 

Kirby,  C,  A.M.I.C.E   Water  Engineer,  Newport,  Mon. 

Kirk,  Thos.,  A.  M.  Inst.  C.E.  Brisbane,  Queensland. 

Kirkby,S.  A., M. A. (Cantab.)  County  Surveyor,  Cork  (South  division),  E. 

Riding.    Miramur,  Queenstown. 

Knight,  J.  M.  ..     ..  Surveyor  to  the  Vestry,  Mile  End. 

Knowles,  G.  W   Town  Surveyor,  Clevedon,  Somerset. 

Lacey,  F.  W.,  A.M.I.C.E.  ..  Town  Surveyor,  Bournemouth. 

Laffan,  G.  B.,  A.M.I.C.E.  ..  Engineer  to  the  Local  Board,  Twickenham. 

Landless,  J.  T   Surveyor  to  the  Local  Board,  Brierfield,  Lanes. 

Latham,  A.,  M.I.C.E   Borough  Engineer,  Margate. 

Latham,  E.  D.,  A.M.I.C.E.  Borough  Surveyor,  Middlesbrough,  Yorkshire. 

Law,  E   County  Surveyor,  Northampton. 

LAWS,  W.  G.,  M.  Inst.  C.E.  City  Engineer,  Newcastle-on-Tyne. 
(Past  President.) 

Lawson,  C.  G.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Southgate.  District 

Offices,  Palmer's  Green,  N. 

Leete,  Wm.  H.,  A.M.I.C.E. ..  County  Surveyor,  Bedford. 

Leigh,  W   Borough  Surveyor,  Chorley. 

LEMON,  J.,  M.  Inst.  C.E.  ..  Consulting    Engineer,     Southampton;   and  9 
(Past  President.)  Victoria  Street,  Westminster. 

Lewis,  J.  D   City  Engineer's  Office,  Leeds. 

Lewis,  T.  L   Town  Surveyor,  St.  George,  Bristol. 

Lilley,  G.  H   Surveyor  to  the  Local  Board,  Ashby-de-la-Zouch. 

Livingstone,  Geo.,  A.M.Inst.  Surveyor  to  the  Vestry,  St.  George,  Hanover 

C.E.  Square.    1  Pimlico  Road,  S.W. 

LOBLEY,  J.,  M.  Inst.  C.E.  Borough  Engineer,  Hanley,  Staffordshire. 
(Past  President.) 
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Lockwood,  P.  C,  M.I.O.E.  . . 
Lomax,  0.  Jas.,  A.M.I.C.E. .. 
Lovegrove,  E.  J.,  A.M.I.C.E. 

Lowe,  C.  H.,  A.I.C.E  

(  Vice-President.) 

Lund,  J  

Lynam,  P.  J  

Lyons,  A.  O.,  M.I.O.E. 


Late  Borough  Surveyor,  Brighton,  Sussex. 
Grosvenor  Chambers,  Deansgate,  Manchester. 
Engineer  to  the  Local  Board,  Hornsey. 
Surveyor  to  the  Vestry,  Hampstead. 

Borough  Surveyor,  Bedford. 

County  Surveyor,  Louth.    Dundalk,  Ireland. 

County  Surveyor,  Co.  Cork  (East). 


City  Engineer,  Lincoln. 

Surveyor  to  the  Local  Board,  Gainsborough. 


MacBrair,  R.  A.,  A.M.I.C.E. 
Macdonald,  D.  G.,  Assoc.  M. 
Inst.  C.E. 

Mair,  H.,  Assoc.  M.  Inst.  C.E.  Surveyor  to  the  Parish  of  Hammersmith. 

Mallinson,  J   Surveyor  to  the  Local  Board,  Colne,  Lancashire. 

Mallinson,  T   Surveyor  to  the  Local  Board,  Skipton. 

Maltby,  F.  T.,  A.M.I.C.E. . .  Borough  Surveyor,  Guildford. 

Mann,  Jabez,  A.M.I.C.E.    ..  Surveyor  to  the  Local  Board,  Sevenoaks. 

Manning,  G.  W   Surveyor  to  the  Local  Board,  Biggleswade,  Beds. 

Marks,  H.  C,  A.M.I.C.E.   . .  Borough  Engineer,  Dewsbury. 

Marks,  T.  T.,  A.M.I.C.E.  ..  Late  Town  Surveyor,  Llandudno,  Carnarvonshire. 

Marsh,  R.  S   Surveyor  to  the  Local  Board,  Cockermouth. 

Marston,  C.  F.,  A.M.I.C.E.  Borough  Surveyor,  Sutton  Coldfield. 

Marten,  H.  J.,  A.M.I.C.E. . .  158,  High  Road,  Streatham. 

Mason,  C,  Assoc.  M.  Inst.  Surveyor  to  the  Vestry,  St.  Martin-in-the-Fields, 

C.E.  Town  Hall,  Charing  Cross,  S.W. 

Mason,  W.  A   Surveyor  to  the  Local  Board,  Shildon,  near 

Darlington. 

Masste,  F.,  Assoc.  M.  Inst.  Surveyor  to   the   Rural    Sanitary  Authority, 

C.E.  Wakefield. 

Mathews,  G.  S.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Dorking. 

Mawbey,  E.  G.,  A.M.I.C.E.  Borough  Engineer,  Leicester. 

Mawson,  R.  C   Borough  Surveyor,  Evesham. 

Mawson,  Jno   Late  Local  Board,  Shaw,  near  Oldham. 

May,  F.  J.  C,  M.I.C.E.     . .  Borough  Engineer  and  Surveyor,  Brighton. 

(Member  of  Council.') 

Mayb^ry,  H.  P   Surveyor  to  the  Local  Board,  Festiniog. 

Mayne,  C   Engineer   and    Surveyor,  Municipal  Council, 

Shanghai. 

McBeath,  A.  G.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Sale,  Cheshire. 

McCallum,  J.  B.,  M.I.C.E.  Borough  Engineer,  Blackburn. 

McKie,  H.  U.,  M.  Inst.  C.E.  11  Victoria  Street,  Westminster,  S.W. 

Meaby,  M.  C,  A.M.I.C.E.  Surveyor  to  the  Vestry,  St.  Luke,  Middlesex. 

MEADE,  T.  DE  COURCY,  City  Engineer,  Manchester. 

M.I.C.E.  (Past  President.) 

Mellor,  T.  E.  W.,  A.M.I.C.E.  Borough  Surveyor,  Tunbridge  Wells. 

Metcalf,  J.  W.,  A.M.I.C.E.  Town  Surveyor,  Newmarket. 

Middlebrook,  S   Surveyor  to  the  Local  Board,  Walton-on-the-Hill. 

Middleton,R.H.,  A.M.I.C.E.  Borough  Surveyor,  Walsall. 

Miller,  Hy.,  M.I.C.E   County  Surveyor,  East  Suffolk,  Ipswich. 

Mills,  J.  H   Surveyor  to  the  Local  Board,  Crompton,  near 

Oldham. 

Mitchell,  J   Borough  Surveyor,  Hyde,  Manchester. 

Moore,  G.  J                ..     ..  County  Surveyor,  Wisbech. 

Moore,  J.  H   County  Surveyor,  Co.  Meath.    63  Eccles  Street, 

Dublin. 

Morgan,  J   Surveyor  to  the  Pontardawe  Rural  Sanitary 

Authority,  Swansea. 

Morgan,  W.  B.,  A.M.I.C.E. ..  Borough  Surveyor,  Weymouth  and  Melcombo 

Regis,  Dorsetshire. 

Mortimer,  J   Surveyor  to  the  Local  Board,  Tcttcnhall,  near 

Wolverhampton. 
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Mountain,  A.  H.,  A.  M.  Inst.  Surveyor  to  the  Local  Board,  Withiugton,  near 
C.E.  Manchester. 

Moynan,  J.  O   County  Surveyor,  Co.  Tipperary  (North). 

Murch,  P   Borough  Engineer,  Portsmouth. 

Myatt,  J   Town  Surveyor,  Leek. 

Naylor,  W.,  A.M.I.C.E.    . .    16  Walton's  Parade,  Preston. 
Nettleton,  H.,  A.M.I.C.E.      Surveyor  to  the  Local  Board,  Weston-super- 
Mare. 

Newman,  P   Borough  Engineer,  Kyde,  and  County  Surveyor, 

Isle  of  Wight. 

Newton,  G.  H  Surveyor  to  the  Local  Board,  Denton,  Manchester. 

Newton,  J.,  M.  Inst.  C.E.  ..    Carlton  Buildings,  Manchester  ;  Engineer  to  the 

Local  Board,  Bowdon,  Cheshire. 
Newton,  W.  J.,  A.M.Inst.C.E.    Borough  Surveyor,  Accrington. 
Norrington,  J.  P.,  Assoc.  M.   Surveyor  to  the  Vestry,  Lambeth. 
Inst.  C.E. 

Norrish,  G.  R  Surveyor  to  St.  Saviour,  Southwark. 

Nuttall,  T.,  Assoc.  M,  Inst.    Surveyor  to  the  Local  Boards,  Kearsley  and  Earns- 
C.E.  bottom,  Lanes.  12  Market  Street,  Bury,  Lanes. 


Orchard,  W.  P.,  B.E  

Ottley,  D.  G,  M.I.C.E.  .. 
Oxtoby,  W.,  A.  M.  Inst.  C.E. 


County  Surveyor,  Ballina,  North  Mayo,  Ireland. 
County  Surveyor,  Co.  Leitrim. 
Borough  Surveyor,  Ramsgate. 


Pardoe,  J.  C   Local  Board,  Barry,  near  Cardiff. 

Parker,  J.,  Assoc.  M.  Inst.  Surveyor  to  the  Basford  Union  Rural  Sanitary 

C.E.  Authority,  Nottingham.    Brougham  Chambers, 
Nottingham. 

Parker,  J.,  A.M.I.C.E.      ..  City  Surveyor,  Hereford. 

Parker,  W.,  A.  M.  Inst.  C.E.  District  Engineer,  Public  Works  Department, 

Chapel  town,  Jamaica. 

Parkinson,  Jas.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Turton,  near  Bolton. 

Parr,  F   Borough  Surveyor,  Bridgwater. 

Paton,  J   Borough  Engineer,  Plymouth. 

Pattison,  J.,  jun.        ..     ..  Borough  Surveyor,  Newcastle-under-Lyme. 

Pearson,  W.  T   Surveyor  to  the  Local  Board,  Rothwell. 

Peirce,  R.,  A.M.I.C.E.       ..  Municipal  Engineer,  Penang,  Straits  Settlements. 

Pemberton,  O   Surveyor  to  the  Local  Board,  Desborough. 

Penty,  W.  G   Surveyor  to  the  Rural  Sanitary  Authority,  York. 

Perry,  J.,  M.E.,  M.I.C.E.   ..  County  Surveyor,  Co.  Galway  (West  Riding). 

Petch,  J   Borough  Surveyor,  Scarborough. 

Petree,  J   Borough  Surveyor,  Jarrow. 

Petree,  M   Borough  Surveyor,  Great  Grimsby. 

Phillips,  R   County  Surveyor,  Gloucester. 

Pickering,  Richard    ..     ..  11  Lowther  Street,  Whitehaven. 

Pickering,  J.  S.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Nuneaton. 

Pilditch,  J.  T   Surveyor  to  the  Parish  of  Battersea. 

Pinfold,  W.  F   Surveyor  to  the  Local  Board,  Swinton,  near 

Manchester. 

Platt,  S.  S.,  Assoc.  M.  Inst,  Borough  Surveyor,  Rochdale. 

C.E.  (Member  of  Council.) 

Plowright,  A.  H   Borough  Engineer,  Wisbech,  Cambs. 

Pollard,  J.,  Assoc.  M.  Inst.  Late  Surveyor  to  the  Local  Board,  Hendon. 

C.E.  31  Old  Queen  Street,  Westminster. 

Porter,  R   Borough  Surveyor,  Wakefield. 

Powell,  D.  H.  W   Surveyor  to  the  Local  Board,  Kingswood,  near 

Bristol. 

Pratt,  R  et     ..  Borough  Surveyor,  Henley-on-Thames. 

Press,  W.  J   Surveyor  to  the  Local  Board,  Burnham,  Somerset. 
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Price,  John,  Assoc.  M.  Inst.  Surveyor  to  the  Local  Board,  Toxtoh  Park,  Liver- 

O.E.  pool. 

PRITCHARD,    EDWARD,  37  Waterloo  Street,  Birmingham;  and  1  Victoria 

M.  Inst.  C.E.    (Past  JPresi-      Street,  Westminster,  S.W. 

dent.) 

Proctor,  J.,  M.  Inst.  C.E.  ..  Mere  Lawn,  Bolton,  Lancashire. 

Prouse,  0.  M.,  A.M.I.C.E.  ..  Surveyor  to  the  Local  Board,  Ilfracombe. 

Purnell,  E.  J   City  Surveyor,  Coventry,  Warwickshire. 

Radford,  J.  C,  A.M.I.C.E.  District  Surveyor,  Putney. 

Rapley,  Wm.,  jun   Surveyor  to  the  Dorking  Rural  Sanitary  Authority. 

Read,  Richard,  A.M.I.C.E.  City  Surveyor,  Gloucester. 

Reynolds,  E.  J.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Friern  Barnet. 

Richards,  Hy   51  Grosvenor  Road,  S.W. 

Richards,  R.  W.,  A.M.I.C.E.  City  Surveyor,  Sydney,  N.S.W. 

Richardson,  H.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Oldbury. 

Richardson,  Jas   Urban  Sanitary  Authority,  Stamford. 

Richardson,  W   Highway  Surveyor,  Low  Furness,  Ulverston. 

Ridout,  A.  R   Surveyor  to  the  Local  Board,  Wirksworth,  Derby- 
shire. 

Roberts,  R.  O.  W   Borough  Surveyor,  Oswestry. 

Robinson,  A.  R   Surveyor  to  the  Local  Board,  Clacton-on-Sea. 

Robinson,  Jas.,  A.M.I.C.E. ..  County  Surveyor,  Hants,  Winchester. 

Robinson,  W.  P   Surveyor  to  the  Local  Board,  Skelton-in-Cleve- 

land. 

Robinson,  W.  J.,  A.M.I.C.E.  City  Surveyor,  Londonderry. 

Robson,  O.  C,  Assoc.  M.  Inst.  Surveyor  to  the  Local  Board,  Willesden,  Middle- 

C.E.  (Member  of  Council.')  sex  ;  Hon,  Secretary,  Home  Counties  District. 

Rooke,  J.  W.  B.,  A.M.I.C.E.  Late  Surveyor  to  the  Local  Board,  Abercarne. 

"  Riversdale,"  Eardisland,  near  Pembridge 
R.S.O.,  Herefordshire. 

Roscoe,  T.  R   Borough  Engineer,  Luton. 

Ross,  P.,  A.M.I.C.E   Surveyor  to  the  Local  Board,  North  Bierley, 

Bradford. 

Rothera,  F   Surveyor  to  the  Local  Board,  Sowerby  Bridge. 

Rothwell,  E.,  A.M.I.C.E.  ..  Tramways  Co.,  Rochdale. 

R ounthwaite,  R.  S   Borough  Engineer,  Sunderland. 

Rowland,  J   District  Surveyor,  Plumstead  (Charlton  Parish). 

155  Church  Lane,  Old  Charlton,  Kent. 

Rowland,  T   Borough  Engineer,  Louth,  Lincolnshire. 

Royle,  H.,  A.M.I.C.E.  Surveyor  to  the  Local  Board, Stretford,  Lancashire. 

Ruck,  F.  W   County  Surveyor,  Kent.  Maidstone. 

Rush,  J   Borough  Surveyor,  Eye,  Suffolk. 


Sadler,  G.  W   Late  Surveyor  to  the  Sanitary  Authority,  467 

High  St.,  Cheltenham. 

Saise,  A.  J   Surveyor  to  the  Local  Board,  Stapleton,  Bristol. 

Salmon,  A.,  A.M.I.C.E.     ..  Surveyor  to  the  Local  Board,  Wallasey,  Cheshire. 

Sanders,  R.  B   County  Surveyor,  King's  County.  Parsonstown. 

Sasse,  G.  H   Borough  Surveyor,  Chelmsford. 

Savage,  Wm.  Hy   Surveyor  to  the  Local  Board.  East  Ham. 

Saville,  J   Town  Surveyor,  Heckmondwike. 

Scoones,  W.  G.    Hornchurch,  Essex. 

Scorgie,  N.,  A.M.I.C.E.     ..  Surveyor  to  the  Vestry,  Rotherhithe,  S.E. 

Scott,  A.  F   Surveyor  to  the  Local  Board,  Cromer. 

Scott,  E.  M   Borough  Surveyor,  Wednesbury. 

Scott,  H.  H.,  A.M.I.C.E.  ..  Engineer  to  the  Commissioners,  Hove. 

Scott,  R.  S.,  A.M.I.C.E.    ..  Surveyor  to  the  Local  Board,  Bishop's  Stortford. 

Shackleton,  C.  W   Surveyor  to  the  Local  Board,  Coseley. 

Sharman,  E   Surveyor  to  the  Local  Board,  Wellingborough, 

Northamptonshire. 
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Shaw,  J   Worsley  Road,  Winton,  near  Manchester. 

Shaw,  J.  H   Surveyor  to  the  Local  Board,  Browuhills,  Staffs. 

Shaw,  H.,  A.M.I.C.E   Surveyor  to  the  Local  Board,  Todmorden. 

Sheard,  W.  C   Surveyor  to  the  Local  Board,  Heaton  Norris, 

Stockport. 

Shepherd,  G.  J   Highway  Surveyor,  Kidderminster. 

Sheppard,  Geo.    Borough  Surveyor,  Newark. 

Shillington,  H   Town  Surveyor,  Lurgan,  Ireland. 

Siddons,  J.  M   Late  Town  Surveyor,  Oundle. 

Silcock,  E.  J.,  A.M.I.C.E. ..  Borough  Surveyor,  King's  Lynn. 

Simpson,  J   Wirks worth,  Derbyshire. 

Simpson,  W.  H.,  A.M.I.C.E. . .  Surveyor  to  the  Blaby  Union  K.S.A.,  Horsefair 

Street,  Leicester. 

Simpson,  W.  S   Town  Surveyor,  Blaydon-on-Tyne. 

Sinclair,  J.  S.,  A.M.I.C.E.  Borough  Surveyor,  Widnes. 

Smith,  C.  C   Surveyor  to  the  Local  Board,  Dalton-in-Furness. 

Smith,  J.,  A.  M.  Inst  C.E.  ..  County  Surveyor,  Co.  Galway  (E.  Biding),  Balli- 

nasloe. 

Smith,  I.  C   Surveyor    to    the   Kural    Sanitary  Authority, 

Chelmsford. 

Smith,  J.  C,  A.M.I.C.E.    . .  Borough  Surveyor,  Bury  St.  Edmund's. 

Smith,  J.  W.  M.    ..     ..     ..  Borough    Surveyor,   Wrexham,  Denbighshire; 

(Member  of  Council.')  Hon.  Secretary,  Wales  District. 

Smith,  T.  K.,  A.M.I.C.E.    . .  Surveyor  to  the  Local  Board,  Kettering. 

Smith,W.Howard,A.M.I.CE.  City  Engineer,  Carlisle. 

Smithies,  A   Surveyor  to  the  Local  Board,  Castleford. 

Smythe,  F   Local  Board,  Finchley,  N. 

Somerville,  R.  N.,  B.E.     . .  County  Surveyor,  Cavan,  Ireland. 

Southam,  A.,  A,M.I.C.E.    .o  Surveyor,  Clapham,  London,  S.W. 

Spencer,  J.  P.,  A.M.I.C.i:.  ..  32  Moseley  Street,  Newcastle-on-Tyne. 

Spines,  W.,  Assoc.  M.  Inst.  Late  Surveyor  to  the  Local  Board,  Dukinneld. 
C.E.  52  Prudential  Assurance  Buildings,  Park  Row, 

Leeds. 

Stainthorpe,  T.  W.  {Member  Surveyor  to  the  Eston  District  Local  Board,  York- 

of  Council)  '  shire ;  Bon.  Secretary,  Yorkshire  District. 

Stallard,  S   Surveyor  to  the  Rural  Sanitary  Authority,  Maid- 
stone. 

Stead,  S   Borough  Surveyor,  Harrogate. 

Stephenson,  E.  P.,  Assoc.M.  Town  Surveyor,  Llandudno. 
Inst.  C.E. 

Stevens,  George   Local  Board,  Abercarn,  Mon. 

Stevens,  L   Surveyor  to  the  Local  Board,  Newton  Abbott, 

Devon. 

Stevenson,  A   District  Surveyor,  Ayrshire  County  Council. 

Stevenson,  J   Surveyor  to  the  Local  Board,  East  Molesey. 

Stickland,  E.  A.,  A.M.I.C.E.  Borough  Surveyor,  Newbury. 

Stokoe,  J   Surveyor  to  the  Local  Board,  Altrincham. 

Story,  J.  S.,  M.I.C.E   County  Surveyor,  Derby. 

Strachan,  J.  H.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Heston  and  Isle- 
worth. 

Stringfellow,  H.  W   City  Surveyor,  Chichester. 

Stringfellow,W.,A.M.I.C.E.  Surveyor  to  the  Local  Board,  East  Stonehouse. 

Stuart,  J.  C   Surveyor  to  the  Local  Board,  Smethwick. 

Stubbs,  Wm,  A.M.I.C.E.  Borough  Surveyor,  Darwen. 

Sumner,  F.,  A.  M.  Inst.  C.E.  Surveyor  to  the  Vestry,  Bermondsey. 

Sutcliffe,  A   Surveyor  to  the  Local  Board,  Featherstone,  near 

Ponte  tract. 

Swarbrick,  Joseph,  Assoc.M.  44  Braseuose  Street,  Albert  Square,  Manchester, 
Inst.  C.E. 

Swindlehurst,  J.  E.,  Assoc.  Borough  Surveyor,  Burton-upon-Trent. 
M.  Inst.  C.E. 

Sykes,  Ed.,  A.M.I.C.E.  Surveyor  to  the  Local  Board, Chea die,  Manchester. 
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Tanner,  W   County  Surveyor,  Monmouthshire.  Newport. 

Taylor,  H.  W   Surveyor  to   the  Local  Board,  Newburn-on- 

Tyne. 

Taylor,  T.  G.    Town  Surveyor,  Douglas,  Isle  of  Man. 

Terrill,  W   Surveyor  to  the  Local  Board,  Ashford,  Kent. 

Thomas,  John,  A.M.I.C.E.  ..  Surveyor  to  the  Rural  Sanitary  Authority ,Swansea. 

Thomas,  R.  J.,  A.M. I.C.E.  ..  County  Surveyor,  Bucks,  Aylesbury. 

Thomas,  T.  J.,  A.M.I.C.E.  ..  Surveyor  to  the  Local  Board,  Ebbw  Vale. 

Thomas,  W   Late  Surveyor  to  the  Margam  Local  Board,  Port 

Talbot,  S.  Wales. 

Thomas,  Wm  A.M.I.C.E.  Borough  and  Waterworks  Engineer,  Dover. 

Thomas,  W.  E.  C,  A.M.I.C.E.  Surveyor  to  the  Rural  Sanitary  Authority,  Neath  ; 

{Member  of  the  Council.)  Hon.  Secretary.  South  Wales  District. 

Thorburn,  T.  C   Late  Borough  Surveyor,  Birkenhead.  17  Devon- 
shire Road,  Birkenhead. 

Thorpe,  Jas   Surveyor   to    the  Rural    Sanitary  Authority, 

Macclesfield. 

Thorrold,  S.  E.,  A.M.I.C.E.  Grove  Road,  North  Ormesby,  Middlesbrough-on- 

Tees 

TILL,  W.  S.,  M.  Inst.  C.E. ..  Borough  Engineer,  Birmingham. 

(Past  President.) 

Tomes,  G.  B   Surveyor  to  the  Barnes  District  Local  Board, 

Mortlake. 

Tomkins,  H.,  A.M  I.C.E.    ..  Surveyor  to  the  Vestry,  St.  Marylebone. 

Towlson,  S   Surveyor  to  the  Local  Board,  Cheshunt. 

Travers,  W.  H   Surveyor  to  the  Local  Board,  Wavertree. 

Trow,  S   Surveyor  to  the  Local  Board,  Otley,  Yorkshire. 

Turnbull,  A.  J   Borough  Engineer,  Greenock. 

Turley,  A.  C   Borough  Engineer,  Eccles. 

Vallance,  R.  F   Town  Surveyor,  Mansfield. 

Valon,  W.    A.    McIntosh,  Ramsgate  Corporation  Gasworks  Engineer;  and 

Assoc.  M.  Inst.  C.E.  140  and  141  Temple  Chambers,  Temple  Avenue, 
E.C. 

Veevers,  H.,  A.M.I.C.E.     ..  Surveyor  to  the  Ltfcal  Board,  Dukinfield. 

Ventris,  A.,  Assoc.  M.  Inst.  Surveyor  to  the  Strand  District  Board  of  Works, 

C.E.  49  Seymour  Street,  Portman  Square. 

Waddtngton,  J.  A.  P.,  Assoc.  Surveyor  to  the  Vestry,  St.  Mary,  Newington. 
M.  Inst.  C.E. 

Wakelam,  H.  T.,  A.M.I.C.E.  County  Surveyor,  Hereford. 

Walker,  T.,  M.  Inst.  C.E.  Borough  Surveyor,  Croydon,  Surrey. 

(Member  of  Council) 

Wallace,  G   Surveyor  to  St.  Giles  District  Board  of  Works. 

Walshaw,  J.  W   Borough  Surveyor,  Peterborough. 

Wardle,  J.  W.,  A.M.I.C.E. ..  Borough  Surveyor,  Longton. 

Waterhouse,  D   Surveyor  to  the  Local  Board,  Watford. 

Watkeys,  G.,  A.M.I.C.E.   ..  Surveyor  to  the  Local  Board,  Llanelly. 

Watson,  J.  D.,  A.M.LC.E.  ..  County  Engineer,  Aberdeenshire. 

Watts,  E.  T   Surveyor   to  the   Rural   Sanitary  Authority, 

Bishop's  Stortford. 

Watts,  W   Water  Engineer,  Oldham. 

Waye,  H.      ..    Surveyor  to  the  Local  Board,  Millom,  Cumberland. 

Weaver,  Wm.,  M.  Inst.  C.E.  Surveyor  to  the  Vestry,  Kensington. 
(Member  of  Council) 

Webster,  J.  L   Surveyor  to  the  Local  Board,  Portland. 

Welburn,  W   Borough  Surveyor,  Middleton,  near  Manchester. 

Weston,  Geo   Surveyor  to  the  Vestry,  Paddington. 

Weston,  H.  J.,  Assoc.  M.  Surveyor  to  the  Local  Board,  Shirley  and  Free- 

Inst.  C.E.  mantle,  Southampton. 

Wetherill,  J.  W   Surveyor  to  the  Local  Beard,  Rawmarsh. 

Wheeler,  G.  R.  W.,  Assoc.  Surveyor  to  the  Vestry,  Westminster. 

M.  Inst.  C.E. 
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"Whitbread,  K  

White,  A.  E.,  A.M.I.O.E.  .. 
White,  H.  V.,  M.I.C.E.,  I.  .. 

White,  J.,  A.M.I.O.E  

WHITE, W.  H.,  M.  Inst.  C.E. 
(Past  President.) 

Whitmore,  F  

Widdowson,  W.  C  

Wire,  C.  F.,  M.Inst.  C.E.  .. 

(Member  of  Council.) 
Wild,  G.  H  

Wilkinson,  J.  P.,  A.M.I.O.E. 
Williams,  H.  D  

Williams,  J.  B.  .. 
Willcox,  J.E.,  A.M.I.O.E. .. 
Willmot,  J  

WlLLSON,  F.  K.  T  

Wilson,  C.  L.  N.,  A.M.I.O.E. 
Wilson,  Geoffrey 

Wilson,  J  

Wilson,  J.  B  

Window,  E.  K.,  Assoc.  M. 

Inst.  C.E. 
Winship,  G.,  A.M.  Inst.  C.E. 

Wood,  A.  R,  ..   

Wood,  F.  J  

Woodb RIDGE,  C.  A  

Woods,  Hy.  


Worth,  J.  E.,  M.LC.E.  .. 

Wyatt,  W.  J  

Yates,  F.  S.,  A.  M.  Inst.  C.E. 

York:,  E.  A  

York,  H  


Surveyor  to  the  Local  Board,  Carlton,  Notts. 
Borough  Engineer,  Hull. 

County  Surveyor,  Queen's  County,  Portarlington. 
Borough  Surveyor,  Folkestone. 
City  Engineer,  Oxford. 

County  Surveyor,  West  Suffolk,  Chelmsford. 
Surveyor  to  the  Local  Board,  Tredegar,  Mon. 
Borough  Engineer,  Sheffield. 

Surveyor  to  Local  Board,  Littleborough,  near 

Manchester. 
Assheton  Road,  Clayton  Bridge,  Manchester. 
Surveyor  to  the  Local  Board,  Ogmore  and  Garrw, 

Bridgend. 
Borough  Surveyor,  Daventry. 
63  Temple  Row,  Birmingham. 
County  Surveyor,  Warwickshire.    6  Waterloo  St., 

Birmingham. 
County  Surveyor,  Co.  Fermanagh,  Enniskillen. 
Town  Surveyor,  Bilston. 
Surveyor  to  the  Local  Board,  Alnwick. 
Borough  Surveyor,  Bacup,  Lancashire. 
Surveyor  to  the  Rural  Sanitary  Authority,  Cock- 

ermouth. 

Late  Surveyor  to  the  Local  Board,  Bishop's  Stort- 

ford.    16  Cook  Street,  Liverpool. 
Borough  Surveyor,  Abingdon,  Berks. 
Surveyor  to  the  Local  Board,  Tunstall. 
County  Surveyor,  Greenwood,  Lancaster. 
Surveyor  to  the  Hendon  Union  Rural  Sanitary 

Authority.   Pinner,  Middlesex. 
District  Surveyor,  Plumstead  (Parishes  of  Lee 

and  Kidbrook).   Dry  den  Terrace,  Turner  Road, 

Lee,  Kent. 

District  Engineer,  London  County  Council,  Spring 

Gardens,  S.W. 
Surveyor  to  the  Local  Board,  Paignton,  Devon. 

Surveyor  to  the  Local  Board,  Waterloo,  near 

Liverpool. 
95  Upper  Walhouse  Street,  Walsall. 
Surveyor  to  the  Local  Board,  Teddington. 
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Abercarne    G.  Stevens. 

Aberdeen    W.  Dyack. 

Aberdeenshire    J.  D.  Watson. 

Abergavenny    Jon.  Haigh. 

Abersychan   E.  Cooke. 

Abingdon    G.  Winship. 

Abram    Geo.  Heaton. 

Accrington   W.  J.  Newton, 

Acton    D.  J.  Ebbetts. 

Allerton    A.  O.  Fraser. 

Alnwick    G.  Wilson. 

Altrincham   J.  Stokoe. 

Alverstoke   W.  H.  Fry. 

Antrim  (County)   J.  H.  Brett. 

Armagh  (County)   R.  H.  Dorman. 

A  shby-de-l a-Zouch    G.  H.  Lilley. 

Ashby  Woulds    C.  T.  Garratt. 

Ashford   W.  Terrill. 

Ashton-under-Lyne   J.  T.  Earnshaw. 

Asptjll   Geo.  Heaton. 

Aston  Manor    W.  A.  Davies. 

Aston  (Rural)    R.  H.  Hawgood. 

Atherstone  (Rural)    W.  R.  H.  Chipperfield. 

Atherton    W.  Clough. 

Audenshaw   ..  J.  K.  Burton. 

Aylesbury    G.  Cannon. 

Ayrshire  (County)    A.  Stevenson. 

Bacup    J.  Wilson. 

Bamber  Bridge    F.  E.  Dixon. 

Barking   C.  J.  Dawson. 

Barnes  ,     ....     . .  G.  B.  Tomes. 

Barrow-on-Soar  (Rural)    H.  Herrod. 

Barry    J.  C.  Pardoc. 

Barton-upon-Irwell   C.  C.  Hooley. 

Basford  Union  (Rural)    J.  Parker. 

Batley   Hy.  Dearden. 

Battersea   ,  J.  T.  Pilditch. 

Beckenham   J.  A.  Angell. 

Bedford   J.  Lund. 

(County)    W.  H.  Leete. 

Bedlington   W.  W.  Cooper. 

Belfast   J.  C.  Bretland. 

Bermondsey   F.  Sumner. 

Bethnal  Green   F.  W.  Barratt. 

Bexhill   M.  D.  Graves. 

Biggleswade   G.  W.  Manning. 

Billesden  (Rural)    W.  F.  Ault. 

Bilston   C.  L.  N.  Wilson. 

Bingley   R.  Armistcnd. 
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Birkenhead   C.  Brownridge. 

  T.  C.  Thorburn. 

Birmingham   W.  S.  Till. 

„    E.  Pritchard. 

Bishop's  Castle   A.  Hamar. 

Bishop's  Stortford    R.  S.  Scott. 

  E.  T.  Watts. 

Blaby  (Rural)    W.  H.  Simpson. 

Blackburn    J.  B.  McCallum. 

Blaydon-on-Tyne    W.  S.  Simpson. 

Bolton   W.  H.  Brockbank. 

„       ..     ..    J.  Proctor. 

Bootle   J.  A.  Crowther. 

Bournemouth   P,  W.  Lacey. 

Bowdon   J.  Newton. 

Bradford    J.  H.  Cox. 

Braintbee    J.  H.  Jevons. 

Bray    P.  F.  Comber. 

Brecknock    R.  Davies. 

Bridgwater   P.  Parr. 

Bridlington   R.  R.  Brown. 

  S.  Dyer. 

Brierfield    J.  T.  Landless. 

Brierley  Hill    J.  W.  Beckley. 

Brighton    F.  J.  C.  May. 

„    P.  C.  Lockwood. 

Brisbane,  Queensland    T.  Kirk. 

Bristol    F.  Ashmead. 

„        (St.  George)   T.  L.  Lewis. 

Bromley   S.  T.  Hawkings. 

„    H.  S.  Cregeen. 

Brownhills   J.  H.  Shaw. 

Buckingham  (County)   R.  J.  Thomas. 

Burnham    W.  J.  Press. 

Burnley   F.  S.  Button. 

„       (Rural)   S.  Edmondson. 

Burslem   F.  Bettany. 

Burton-upon-Trent    J.  E.  Swindlehurst. 

Bury    J.  Cartwright. 

Bury  St.  Edmund's    J.  C.  Smith. 

Canterbury   F.  Baker. 

Cape  Town,  S.A   T.  W.  Cairncross. 

Cardiff   W.  Harpur. 

„      (Rural)   W.  Fraser. 

Carlisle   W.  H.  Smith. 

„    J.  Hepworth. 

Carlton   R.  Whitbread. 

Carsh  alton   T.  L.  He  ward. 

Castlebar    E,  K.  Dixon. 

Castleford   A.  Smithies. 

Cavan  (County)    R.  N.  Somerville. 

Chadderton   W.  Eckersley. 

Chapeltown,  Jamaica    W.  Parker. 

Cheadle    E.  Syke 

Chelmsford   G.  H.  ~ 

(Rural)    1.0.  Smith. 

Chelsea  ..    '   T.  W.  E.  Higgens, 

Cheltenham  '   Jos.  Hall. 

  G.  W.  Sadler. 

Cheshunt    S.  Towlson. 

Chester   I.  M.  Jones. 
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Chesterfield   N.  Dunscombe. 

Chesterton   D.  Bland. 

Chichester    H.  W.  Stringfellow. 

Chorley   W.  Leigh. 

Clacton-on-Sea   A.  K.  Robinson. 

Clapham,  S.W   A.  Soutbam. 

Cleator  Moor    F.  J.  Edge. 

Clerkenwell   W.  Iron. 

Clevedon    G.  W.  Knowles. 

Cockermouth   R.  S.  Marsh. 

„       (Rural)    J.  B.  Wilson. 

Colchester   H.  Goodyear. 

Colne   ,    J.  Mallinson. 

Colwyn  Bay   W.  Jones. 

COMPTON  GlFFORD    J.  C.  Inglis. 

Congleton    R.  Burslam. 

Conway   T.  B.  Farrington. 

Cork  (County),  "West   N.  Jackson. 

„  „       South   S.  A.  Kirkby. 

„  „       East    A.  O.  Lyons. 

Cornwall  (County),  West   T.  J.  Hickes. 

Coseley   C.  W.  Shackleton. 

Coventry    E.  J.  Purnell. 

Cowper   R.  Grieves. 

Crewe    G.  Eaton-Shore. 

Cromer   A.  F.  Scott. 

Crompton    J.  H.  Mills. 

Croydon    T.  Walker. 

(Rural)   W.  G.  Forder. 

Dalton-in-Furness    C.  C.  Smith. 

Darwen   W.  Stubbs. 

Daventry    J.  B.  Williams. 

Denton  ..     ..     ,   G.H.Newton. 

Derby    R.  J.  Harrison. 

„     (County)    J.  S.  Story. 

Desborough   O.  Pemberton. 

Dewsbury    H.  C.  Marks. 

Doncaster    W.  H.  R.  Crab  tree. 

(Rural)    C.  C.  Barras. 

Dorchester   G.  J.  Hunt. 

Dorking   G.  S.  Mathews. 

„       (Rural)   W.  Rapley,  jun. 

Douglas   ..  T.G.Taylor. 

Dover    W.  Thomas. 

Down  (County)    P.  C.  Cowan. 

Droitwich    B.  Godfrey. 

Dublin   C.  Harty. 

„      (County)   R.  A.  Gray. 

„       '    „        South  Division      ..  W.  Collen. 

Dudley   J.  Gammage. 

Dukinfield   H.  Veevers. 

Durham  (Rural)   G.  Gregson. 

Ealing   C.  Jones. 

Eastbourne   R.  M.  Gloyne. 

East  Ham    W.  H.  Savage. 

East  Molesey    J-  Stevenson. 

East  Stonehouse    W.  Stringfellow. 

Ebbw  Vale   T.  J.  Thomas. 

Eccles    A.  C.  Turley. 

Edinburgh    J.  Cooper. 
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Ely   W.  McKelvie. 

Epsom    E.  R.  Capon. 

„    J.  R.  Harding. 

Erith    H.  Hind. 

Essex  (County)    F.  Whitmore. 

Eston  District    T.  W.  Stainthorpe. 

Evesham   R.  C.  Mawson. 

Exeter   D.  Cameron. 

Exmouth    W.  H.  Beswick. 

Eye   J.  Rush. 

Fareham    W.  Butler. 

Featherstone    A.  Sutcliffe. 

Felixstowe   G.  S.  Horton. 

Fermanagh  (County)  ..    F.  R.  T.  Willson. 

Festiniog    H.  P.  Maybury. 

Finohley       ..     ..   F.  Smythe. 

Fleetwood    M.  S.  Gaulter. 

Folkestone   J.  White. 

Friern  Barnet    E.  J.  Reynolds. 

Frodsham    W.  Diggle. 

Frome   . .  P.  Edinger. 

„     (Rural)    A.  Greenwell. 

Gainsborough    D.  G.  Macdonald. 

Galway  (County),  West    J.  Perry. 

„  „        East    J.  Smith. 

Garston   H.  T.  Wakelam. 

Gateshead-on-Tyne    J.  Bower. 

Gloucester   R.  Read. 

(County)   R.  Phillips. 

Glyncorrg    J.  Howell. 

Godaveri,  Madras . .     . .    P.  H.  Brown. 

Grantham    J.  Evans. 

Great  Crosby    W.  Hall. 

Great  Grimsby    M.  Petree. 

Great  Yarmouth   J.  W.  Cockrill. 

Greenock    A.  J.  Turnbull. 

Guildford    F.  T.  Maltby. 

Halifax    E.  R.  S.  Escott. 

Hammersmith    H.  Mair. 

Hampstead   C.  H.  Lowe. 

Hampton   J.  Kemp. 

Hanley   J.  Lobley. 

Hants  (County)    J.  Robinson. 

Hanwell    S.  W.  J.  Barnes. 

Harborne    R.  Dixon. 

Harrogate   S.  Stead. 

Harrow   T.  Charles. 

Hartlepool   H.  C.  Crummaok. 

Harwich       ..     ..   H.  Ditcham. 

Haverhill    T.  Cockrill. 

Heaton  Norris    W.  C.  Sheard. 

Hendon   S.  S.  Grimley. 

„     (Rural)    C.  A.  Woodbridge. 

Henley-on-Thames    R.  Pratt. 

Hereford    J.  Parker. 

(County)    H.  T.  Wakelam. 

Hertford      ..     ..    T.R.Dickinson. 

Heston  and  Isleworth    W.  B.  Bromley. 

„    J.  H.  Strachan. 
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Heywood   J.  Biggie. 

Heckmondwike    J.  Saville. 

Holborn   L.  H.  Isaacs. 

Hong  Kong   F.  A.  Cooper. 

Horfield    A.  P.  J.  Cotterell. 

Hornsea   P.  Gaskell. 

Hornsey   E.  J.  Lovegrove. 

Hounslow    W.  B.  Bromley. 

Hove    H.  H.  Scott. 

Hoylake  and  West  Kirby      ..     ..  T.  Foster. 

Hull    A.  E.  White. 

Hyde    J.  Mitchell. 

Ilfracombe   . .  O.  M.  Prouse. 

Ilkeston   H.  J.  Kilford. 

Ipswich   E.  Buckhain. 

Isle  of  Ely  (County)   G.  J.  Moore. 

Jarrow   J.  Petree. 

Johannesberg,  S.A   C.  Aburrow. 

„  „    R.  G.  J.  Andrews 

Kearsley      T.  Nuttall. 

Keighley    W.  H.  Hopkinson. 

Kensington   W.  Weaver. 

Kent  (County)    F.  W.  Ruck. 

Kettering    T.  R.  Smith. 

Kidderminster    A.  Comber. 

„  (Highways)      . .     . .  G.  J.  Shepherd. 

Kildare  (County)    E.  Glover. 

Kilkenny  (County)    P.  BurtchaeJi. 

King's  County    R.  B.  Sanders. 

King's  Lynn   E.  J.  Silcock. 

King's  Norton  (Rural)    R.  Godfrey. 

Kingston  (Highway  Board)   A.  J.  Henderson. 

(Rural)   W.  H.  Hope. 

„        Jamaica    C.  V.  Abrahams. 

Kingstown    J.  Berry. 

Kingswood    D.  H.  W.  Powell. 

KlRKLEATHAM    J.  HoWCTOl't. 

Lambeth  . .     . .     :    J.  P.  Norrington. 

Lancaster    J.  Cook. 

Leamington  Spa   W.  De  Normanville. 

Leeds   . .     . .     . .     . .  T.  Hewson. 

Leek      J.  Myatt. 

Leicester    E.  G.  Mawbey. 

  F.  Griffiths. 

Leith    ..  W.  Beatson. 

Leitrim  (County)   D.  G.  Ottley. 

Leominster   E.  S.  Holland. 

Lewes    T.  W.  Franks. 

Lewisham    J.  Carline. 

Leyton,  E.    W.  Dawson. 

Lichfield    C.  J.  Corrie. 

Limerick  (County)    J.  Horan. 

Lincoln   R.  A.  MacBrair. 

Littleborougti    G.  H.  Wild. 

Littlehampton    ..     ..    H.  Howard. 

Liverpool    H.  P.  Boulnois. 

Llandaff    Jas.  Holden. 

Llandudno   E.  P.  Stephenson. 
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Llandudno   T.  T.  Marks. 

Llanelly    G.  Watkeys. 

London  (County)   ' .     .  •  A.  R.  Binnie. 

  J.  E.  Worth. 

Londonderry   W.  J.  Robinson. 

Longford  (County)    J.  W.  Gunnis. 

Longton    J.  W.  Wardle. 

Loughborough    Geo.  Hodson. 

Louth    T.  Rowland. 

„      (County)   P.  J.  Lynam. 

Lowestoft    G.  H.  Hamby. 

Lurgan   ...    H.  Shillington. 

Luton    T.  R.  Roscoe. 

Macclesfield       ..    E.  E.  Adshead. 

„  (Rural)   J.  Thorpe. 

Madras   R.  E.  Ellis. 

Maidstone  (Rural)      ..     ..     ..     ..  S.  Stallard. 

Manchester   T.  De  C.  Meade. 

  A.  M.  Fowler. 

„    J.  Newton. 

Mansfield    R.  F.  Yallance. 

Mansfield  Woodhouse    F.  P.  Cook. 

Margate   A.  Latham. 

Market  Harboro'    H.  G.  Coales. 

Matlock  Bath    ...  W.  Jaffrey. 

Meath  (County)   J.  H.  Moore. 

Melton  Mowbray    E.  Jeeves. 

Merthyr  Tydvil   T.  F.  Harvey. 

„  „     (Rural)   J.  Jones. 

Middlesbrough    E.  D.  Latham. 

Middleton,  Lancashire    . .     . .     . .  W.  Welburn. 

Mile  End    ..     ..  H.  McKnight. 

Millom   H.  Waye. 

Milton-next- Sittingbourne     ..     ..  A.  B.  Acworth. 

Mirfield   F.  H.  Hare. 

Monaghan  (County)    J.  Heron. 

Monmouthshire  (County)   W.  Tanner. 

Neath  (Rural)    W.  E.  C.  Thomas. 

Nelson  ..     ..   J.  W.  Bradley. 

Nelson-in-Marsden    W.  Dent. 

Newark   G.  Sheppard. 

New  Barnet   G.  W.  BrumelL 

Newburn-on-Tyne    H.  W.  Taylor. 

Newbury    ..  E.  A.  Stickland. 

Newcastle-on-Tyne   W.  G.  Laws. 

  J.  P.  Spencer. 

Newcastle-under-Lyme    J.  Pattison,  jun. 

New  Malden    T.  L.  Heward. 

Newmarket  ,    •«  J.  W.  Metcalf. 

Newport,  Mon   C.  Kirby. 

„       Salop   G.  B.  Hammonds. 

Newton  Abbott   L.  Stevens. 

Newton-in-Makerfield    R.  Brierley. 

Newtown    R.  W.  Daviesc 

Northampton    W.  I.  Brown. 

„  (County)    E.  Law. 

North  Bierley   P.  Ross. 

North  Mayo  (County)    W.  P.  Orchard. 

North  Ormesby    ..    H.  T.  Hopper, 

North wich    J.  Brooke. 
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, .     A.  E.  Collins. 

A.  Brown. 

„  (County)  

. .     E.  P.  Hooley. 

~\irf\T>~n>    a  vr\   1-2-  a  dp  wj 

H  T>  Williams 

.  •         XI.   J  J .    VV  lllldlliiS. 

(  lXTT?XI  A  H/TT>Tl/~»'Vr 

H.  Richardson. 

W.  Watts. 

G.  Heaton. 

Oswestry   

..     R.  0.  W.  Roberts. 

. .     S.  Trow. 

. .     J.  M.  Siddons. 

..  W.H.White. 

Paddington 

.  4          UCUi     IT  COWJUi 

"P  A  T4TXT  A  TVT 

Paignton 

W  J  Wyatt 

Pt?T3,'ut  TTto  (  f^, m'\i^i'u\ 

R.  S.  Anderson. 
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.  i          Xt.    X  C11L/C 

Penmaenmawr 

J  S  Coverley 
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.  •        XX.    VV  UULlb. 
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.  .        V  .  X  dilUXt. 

PONTARDAWE  (Rural)  .. 

•  •    J.  IVEorgan. 

J  El  ford 

..    G.  F.  Holt. 

J.  Moss  Flower. 

Portland   

..  J.L.Webster. 

Portsmouth 

P  Murch 

W.  Goldsworth, 

Putney   

J.  C.  Radford. 

H.  V.  White. 

T?  A  HTC!T3r»rnmr\1\T 

. .        X  .  1>  Ixltdll. 

T-?  a  ivrar*  a  t<t? 

..        VV  .  V/AIL)  L»y . 

W    A    M  Vnlnn 

VV  .  J\..  XVX.    V  dlOU. 

T?  A  WM  A  TJSTT 

J  W  Wetherill 

Xl-JlilVjrA  J.  Jli    .  .          .  .          ..  .. 

E  T)  Clark 

X1.  XJ .  vyldXK. 

RETFORD ..      ..  .. 

. .     J.  D.  Kennedy. 

X  .  XYlLlll. 

T?/~»r<TTTk  ATT? 

S  ft  Piatt 

.  .         VV  .  XXiilXhQ. 

G.  Jennings. 

N.  Scorgie. 

W.  T.Pearson. 

W.  H.  Brettell. 

Rugby   

#J     J.  H.  Brierley. 

F.  Newman. 

T.  Daltou. 

Sale  .   

..     A.  G.  McBeath. 

Saltburn-by-the-Sea  

..    G.  S.  Hikeley. 

J.  Petch. 

Sevenoaks   

J.  Mann. 
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Shanghai,  China   C.  Mayne. 

Sheerness    ,   C.  A.  Copland. 

Sheffield    C.  F.  Wike. 

Sherborne    ..  T.  Farrall. 

Shirley  and  Freemantle   H.  J.  Weston. 

Shildon   W.  A.  Mason. 

Shrewsbury   W.  C.  Eddowes. 

Shropshire  (County)   A.  T.  Davis. 

Skipton   T.  Mallinson. 

Skelton-in-Cleveland    W.  P.  Kobinson. 

Sleaford    Jesse  Clare. 

Slough   J.  Baker. 

Smethwick   J.  C.  Stuart. 

Solihull  (Rural)   A.  E.  Currall. 

Somerton    I.  T.  Hawkins. 

Southampton    W.  B.  G.  Bennett. 

„    J.  Lemon. 

South  Brisbane   T.  C.  Deverell. 

Southend    C.  T.  Copley. 

Southgate    C.  G.  LawsoD. 

South  Hornsey   M.  W.  Jameson, 

Southport    W.  Crabtree. 

South  Shields    M.  Hall. 

Sowerby  Bridge   F.  Kothera. 

Stafford    W.  Blackshaw. 

Stamford    Jas.  Richardson. 

Stapleton    A.  J.  Saise. 

Stockport    J.  Atkinson. 

Stockton    K.  F.  Campbell. 

Stoke  Newington    S.  E  Burgess. 

Stourbridge   W.  Fiddian. 

Strand   A.  Yentris. 

Stratford-on-Avon   A.  H.  Campbell. 

Streatham    Jas.  Barber. 

Stretford    H.  Royle. 

St.  George,  Bristol   T.  L.  Lewis. 

St.  George's,  Hanover  Square      ..  G.  Livingstone. 

St.  Giles    G.  Wallace. 

St.  Helen's   G.  J.  C.  Broom. 

St.  Luke,  Middlesex   M.  C.  Meaby. 

St.  Martin-in-the-Fields   C.  Mason. 

St.  Mary,  Islington   J.  P.  Barber. 

St.  Mary,  Newington    J.  A.  P.  Waddington. 

St.  MarylebOx^e   H.  Tomkins. 

St.  Pancras    W.  N.  Blair. 

St.  Saviour,  Southwark   G.  R.  Norrish, 

Suffolk  (County),  East    Hy.  Miller. 

„  „        West    F.  Whitmore. 

Sunderland   R.  S.  Rounthwaite. 

Surrey  (County)   F.  G.  Howell. 

Sussex  (County),  East   Hy.  Card. 

„  „        West    C.  Adcock. 

Sutton,  Surrey   A.  D.  Greatorex. 

Sutton  Coldfield    C.  F.  Marston. 

SUTTON-IN-ASHFIELD   McW.  BisllOp. 

Swansea   G.  Bell. 

(Rural)   J.  Thomas. 

Swinton   W.  F.  Pinfold. 

Sydney,  N.S.W   R.  W.  Richards. 

T  am  worth    H.  J.  Clarson. 

Teddington   H.  York. 
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Teignmouth   C.  Jones. 

Tettenhall   J.  Mortimer. 

Tewkesbury,  Gloucestershire . .     ,.  W.H.Gray. 

Tipperary  (County),  South       ..     ..  E.  A.  Hackett. 

„  „        North   J.  O.  Moynan. 

Tipton    W.  H.  Jukes. 

Todmorden   H.  Shaw. 

„    A.  Greenwood. 

Tooting   Jas.  Barber. 

Toowong,  Queensland    W.  E.  Irving. 

Torquay   H.  A.  Garrett. 

Tottenham   J.  E.  Worth. 

Toxteth  Park    J.  Price. 

Tredegar    W.  C.  Widdowson. 

Tunbridge  Wells    T.  E.  W.  Mellor. 

Tunstall    A.  R.  Wood. 

Turton   Jas.  Parkinson. 

Twickenham   G.  B.  Laffan. 

Upper  Soothill   T.  Fenn. 

Ventnor   E.  J.  Harvey. 

Wakefield      R.  Porter. 

„        (Rural)   F.  Massie. 

Wallasey      ..   A.  Salmon. 

Walsall   R.  H.  Middleton. 

Wallsend    G.  Hollings. 

Walthamstow    G  .  W.  Holmes. 

Walton-on-the-Hill   S.  Middlebrook. 

Wandsworth   P.  Dodd. 

Wanstead    J.  T.  Bressey. 

Wantage       ..     ,   W.  Hanson. 

Warwickshire  (County)    J.  Willmot. 

Waterford  (County)   W.  E.  L.  Duffin. 

Waterloo,  Liverpool    F.  S.  Yates. 

Watford    D.  Waterhouse. 

(Rural)    G.  A.  Heath. 

Wavertree   W.  H.  Travers. 

Wednesbury   E.  M.  Scott. 

Wellingborough   E.  Sharman. 

West  Bromwich   J.  T.  Eayrs. 

West  Cowes   N.  F.  Dennis. 

West  Derby   . .     . .  F.  C.  Everett. 

West  Ham,  London   L.  Angell. 

West  Hartlepool    J.  W.  Brown. 

Westminster   G.  R.  W.  Wheeler. 

Weston-super-Mare   H.  Nettletou. 

Weymouth  and  Melcombe  Regis    ..  W.  B.  Morgan. 

Whitehaven   J.  S.  Brodie. 

„    R.  Pickering. 

Widnes  ,  J.  S.  Sinclair. 

„      ...    T.  Higginson. 

Wisbech   A.  H.  Plowright. 

Willesden     . .    O.  C.  Robson. 

Wimbledon   C.  H.  Cooper. 

Wirksworth   A.  R.  Ridout. 

„    J.  Simpson. 

Withington   A.  H.  Mountain. 

Wolverhamfton   R.  E.  W.  Berrington. 

Woodford    J.  D.  Hooper. 

Wood  Green..     ..    C.  J.  Gunyon. 
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Worcester    T.  Caink. 

„  (County)   J.  H.  Garrett. 

Worksop     O.  E.  Harrison. 

(Rural)   W.  T.  Brown. 

Worthing    M.  Aspinall. 

Wrexham    J.  W.  M.  Smith. 

„        (Rural)   A.  C.  Baugh. 

Yeovil   W.  K.  L.  Armytage. 

York    A.  Creer. 

„  (Rural)   W.  G.  Penty. 

Yorkshire  (East  Riding)   A.  Beaumont. 
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Acworth,  A.  B  Town  Surveyor,  Milton-next-Sittingbourne,  Kent. 

Adcock,  C  County  Surveyor,  Sussex  (West). 

Angell,  J.  A.,  A.M.I.C.E.  ..    Surveyor  to  the  Local  Board,  Beckenham. 
ANGELL,  LEWIS,  M.I.C.E.    Borough  Engineer,  West  Ham. 

(Past  President  and  Treas,) 
Aspinall,  M   Borough  Engineer,  Worthing. 

Baker,  F   City  Surveyor,  Canterbury. 

Baker,  J.,  A.M.I.C.E   Town  Surveyor,  Slough. 

Banks,  W   City  Surveyor,  Rochester. 

Barnes,  S.  W.  J.,  A.M.I.C  E.  Surveyor  to  the  Local  Board,  Hanwell. 

Bennett,  W.  B.   G.,  Assoc.  Borough  Surveyor,  Southampton. 
M.I.C.E. 

Binnie,  A.  R.,  M.  Inst.  C.E.  Chief  Engineer,  London  County  Council,  Spring 
(Vice-President.)  Gardens,  S.W. 

Bressey,  J.  T   Surveyor  to  the  Local  Board,  Wanstead,  Essex, 

Bromley,  W.  B.,  M.I.C.E.  ..  Town  Hall,  Hounslow. 

Brooke,  W.,  A.M.I.C.E.      ..  39  Victoria  Street,  S.W. 

Brtjmell,  G.    Surveyor  to  the  Local  Board,  New  Barnet. 

Butler,  W   Surveyor  to  the  Local  Board,  Fareham. 

Cannon,  G  Surveyor  to  the  Local  Board,  Aylesbury. 

Capon,  E.  R   Surveyor  to  the  Local  Board,  Epsom. 

Card,  H   County  Surveyor,  Lewes. 

Charles,  T  Surveyor  to  the  Local  Board,  Harrow. 

Chart,  R.  M   Late  Surveyor  to  the  Rural  Sanitary  Authority, 

Croydon. 

Clark,  F.  D  Borough  Engineer,  Reigate. 

Cooper,  C.  H.,  A.M.I.C.E.  ..    Surveyor  to  the  Local  Board,  Wimbledon. 

Copland,  C.  A  Surveyor  to  the  Local  Board,  Sheerness. 

Copley,  C.  T   Borough  Engineer,  Southend. 

Cousins,  E.,  M.I.C.E  Late  Borough    Surveyor,  Swansea    9  Bridge 

Street,  Westminster. 

Cregeen,  H.  S  Consulting  Surveyor  to  the  Local  Board,  Bromley, 

Kent. 

Crickmay,  E.  W   Lute  Surveyor  to  the  Local  Board,  Sutton,  Surrey. 

Crimp,  W.  Santo,  M.  Inst.    District  Engineer,  London  County  Council,  Spring 
C.E.  Gardens,  S.W. 

Dawson,  C.  J   Surveyor  to  the  Local  Board,  Barking 

Dawson,  W.,  A.M.I.C.E.     ..  Surveyor  to  the  Local  Board,  Leyton,  E. 

DEACON,  G.  F.,   M.I.C.E.  32  Victoria  Street,  Westminster,  S.W. 

(Past  President) 

Dennis,  N.  F.,  A.M.I.C.E.  ..  Town  Surveyor,  West  Cowes. 

Dickinson,  T.  R.,  A.M.I.C.E.  Borough  Surveyor,  Hertford. 

Ditcham,  II   Borough  Surveyor,  Harwich. 
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Dodd,  P.,  A.M.I.C.E   Surveyor,  Wandsworth,  S.W. 

Dunscombe,C.,M.A.,M.I.C.E.  20  Victoria  Street,  Westminster. 

Ebbetts,  D.  J   Surveyor  to  the  Local  Board,  Acton. 

ELLICE-CLARK,  E.  B.,  M.  Late  County  Surveyor  for  Sussex  (West). 
Inst.  C.E.  {Past  President).        naught  Mansions,  Westminster,  S.W. 


Con- 


Fairley,  W.,  A.MJ.C.E.  .. 

FORDER,  W.  G  

Franks,  T.  W.,  A.M.I.C.E.  .. 
Fry,  W.  H.,  A.M.I.C.E.  .. 


Richmond  Main  Sewerage  Board,  Mortlake,  S.W. 
Surveyor  to  the  Croydon  Rural  Sanitary  Au- 
thority. 
Borough  Surveyor,  Lewes. 
Surveyor  to  the  Local  Board,  Alverstoke. 


Gamble,  S.  G.,  A.M.I.C.E.  .. 
Ginn,  A.  F  


Metropolitan  Fire  Brigade,  Southwark  Bridge 
Road. 

Late  Surveyor  to  the  Rural  Sanitary  Authority, 
Chelmsford.  Salisbury  Villa,  Quarry  Road, 
Tun  bridge. 

Gloyne,  R.  M.,  A.M.I.C.E.  ..    Borough  Surveyor,  Eastbourne. 

Graves,  M.  D  {Surveyor  to  the  Local  Board,  Bexhill. 

Greatorex,  A.D.,  A.M.I.C.E.    Surveyor  to  the  Local  Board,  Sutton,  Surrey. 
Grimley,  S.  S.,  A.M.I.C.E. ..    Surveyor  to  the  Local  Board,  Hendon. 
Gun  yon,  C.  J.,  A.M.I.C.E.  ..    Surveyor  to  the  Local  Board,  Wood  Green. 

Hanson,  W  Surveyor  to  the  Highway  Board,  Wantage. 

Harding,  J.  R.,  A.M.I.C.E...    Surveyor  to  the  Local  Board,  Epsom,  Surrey. 

Harvey,  E.  J   Surveyor  to  the  Local  Board,  Ventnor. 

Hawkings,  S.  T  Surveyor  to  the  Local  Board,  Bromley. 

Heath,  G.  A   Surveyor   to    the    Rural    Sanitary  Authority, 

Watford. 

Henderson,  A.  J   Surveyor  to  the  District  Highway  Board,  Kings- 

ton. 

Heward,  T.  L  Surveyor  to  the  Local  Boards,  New  Maiden  and 

Carshalton. 

Hind,  H. . ,   Surveyor  to  the  Local  Board,  Erith. 

Hodson,  Geo,  M.l.C.E.       ..    Loughborough.  Abbey  Buildings, Princes  Street, 

Westminster,  S.W. 

Holmes,  G.  W  Surveyor  to  the  Local  Board,  Walthamstow. 

Hooper,  J.  D   Surveyor  to  the  Local  Board,  Woodford,  Essex. 

Hope,  W.  H  Surveyor    to    the    Rural    Sanitary  Authority, 

Kingston-on-Thames. 

Howard,  H  Surveyor  to  the  Local  Board,  Littlehampton. 

Howell,  F.  G  County  Surveyor,  Kingston-on-Thames. 

Jameson,  M.  W  Surveyor  to  the  Local  Board,  South  Hornsey. 

Jones,  A.  C,  Lt.-Col.,  Assoc.   "  Culverside,"  Carshalton,  Surrey. 
M.l.C.E. 

JONES,  C,  M.l.C.E.  (Past   Surveyor  to  the  Local  Board,  Ealing,  Middlesex. 
Pres.  and  General  Bon.  Sec.) 

Kemp,  J.,  A.M.I.C.E  Surveyor  to  the  Local  Board,  Hampton,  Middlesex. 

Lacey,  F.  W.,  A.M.I.C.E.   ..  Town  Surveyor,  Bournemouth. 

Lapp  an,  G.  B.,  A.M.I.C.E.   . .  Engineer  to  the  Local  Board,  Twickenham. 

Latham,  A.,  M.l.C.E   Borough  Engineer,  Margate. 

Lawson,  C.  G.,  A.M.I.C.E.  ..  Surveyor  to  the  Local  Board,  Southgate. 

Leete,  Wm.  H.,  A.M.I  C.E. . .  County  Surveyor,  Bedford. 

LEMON,  J.,  M.l.C.E.  (Past  Consulting    Engineer,    Soutbampton ;    and  9 

President.)  Victoria  Street,  Westminster. 

Lockwood,  P.  C,  M.LC  E.  ..  Late  Borough  Surveyor,  Brighton,  Sussex. 

Lovegrove,  E.  J   Surveyor  to  Local  Board,  Hornsey. 

Lind,  J   Borough  Surveyor,  Bedford. 
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Maltby,  F.  T.,  A.M.I.C.E. 
Mann,  Jabez,  A.M.I.C.E.    . . 

Manning,  G.  W  

Mathews,  G.  S..  A.M.I.C.E. 
May,  F.  J.  C,  A.M.I.C.E.  .. 

(Member  of  Council.) 
McKie,  H.  U.,  M.I.C.E.  .. 
Mellor,  T.  E.  W.,  A.M.I.C.E. 

MURCH,  P  


Newman,  F. 


Oxtoby,  M.,  A.M.I.C.E. 

Pollard,  J.,  A.M.I.C.E.     . . 

Pratt,  R  

PRITCHARD,  EDWARD, 
M.I.C.E.    (Past  President.) 


Borough  Surveyor,  Guildford. 
Surveyor  to  the  Local  Board,  Sevenoaks. 
Surveyor  to  the  Local  Board,  Biggleswade,  Beds. 
Surveyor  to  the  Local  Board,  Dorking. 
Borough  Engineer  and  Surveyor,  Brighton. 

9  Bridge  Street,  Westminster. 
Borough  Surveyor,  Tunbridge  Wells. 
Borough  Engineer,  Portsmouth. 

Borough  Engineer,  Ryde,  and  County  Surveyor, 
Isle  of  Wight. 

Borough  Surveyor,  Ramsgate. 

Late  Surveyor  to  the  Local  Board,  Hendon. 

7  Old  Queen  Street,  Westminster. 
Borough  Surveyor,  Henley-on-Thames. 
37  Waterloo  Street,  Birmingham  ;  and  2  Storey's 

Gate,  S.W. 


Rapley,  Wm.,  jun   Surveyor  to  the  Dorking  Rural  Sanitary  Authority. 

Reynolds,  E.  J.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Friern  Barnet. 

Richards,' Hy   51  Grosvenor  Road,  S.W. 

Robinson  J   County  Surveyor,  Hampshire. 

Robson  0.  C,  A.M.I.C.E.    ..  Surveyor  to  the  Local  Board,  Willesden,  Middle- 

(Member  of  Council.)  sex  ;  Hon.  Secretary,  Home  Counties  District. 

Roscoe,  T.  R   Borough  Engineer,  Luton. 

Ruck,  F.  W   County  Surveyor,  Kent,  Maidstone. 

Savage,  Wm.  Hy  "~  ..  Surveyor  to  the  Local  Board,  East  Ham. 

Scott  H.  H.,  A.M.I.C.E,    . .  Engineer  to  the  Commissioners,  Hove. 

Scott'  R.  S.,' A.M.I.C.E.     ..  Surveyor  to  the  Local  Board,  Bishop's  Stortford. 

Smith,  I.  C   Surveyor    to   the    Rural    Sanitary  Authority, 

Chelmsford. 

Smythe,  F   Local  Board,  Finchley,  N. 

Stallard  S                . .     . .  Surveyor  to  the  Rural  Sanitary  Authority,  Maid- 
stone. 

Stevenson  J   Surveyor  to  the  Local  Board,  East  Molesey. 

Stickland'  E.  A.,  A.M.I.C.E.  Borough  Surveyor,  Newbury. 

Strachan  J.  H.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Heston  and  Isle- 
worth. 

Stringfellow,  H.  W   City  Surveyor,  Chichester. 

Terrill  W   Surveyor  to  the  Local  Board,  Ashford,  Kent. 

Thomas,' W.,  A.M.I.C.E.      ..  Borough  and  Waterworks  Engineer,  Dover. 

Tomes,  G.  B   Surveyor  to  the  Barnes  District  Local  Board. 

Towls'on,  S   Surveyor  to  the  Local  Board,  Cheshunt. 

Valon    W.    A.    McIntosh  Ramsgate  Corporation  Gas   Works  Engineer. 

A.M.I.C.E.  ..           ..     ..  Connaught  Mansions,  Victoria  Street,  S.W. 

Walker,  T.,  M.I.C.E   Borough  Surveyor,  Croydon,  Surrey. 

(Member  of  Council.) 

Waterhouse,  I)   Surveyor  to  the  Local  Board,  Watford. 

Watts,  E.  T   Surveyor   to  the    Rural    Sanitary  Authority, 

Bishop's  Stortford. 

Weston,  H.  J.,  A.M.I.C.E.  ..  Surveyor  to  the  Local  Board,  Shirley  and  Free- 
mantle,  Southampton. 

White.  J.,  A.M.I.C.E  ,.     ..  Borough  Surveyor,  Folkestone. 
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WHITE,  W.  H.,  M.I.C.E.  City  Engineer,  Oxford. 
{Past  President.) 

Whitmore,  F  County  Surveyor,  Chelmsford. 

Winship,  G.,  A.M.I.C.E.     ..   Borough  Surveyor,  Abingdon,  Berks.1 

Woodbridge,  C.  A  Surveyor  to  the  Hendon  Union  Rural  Sanitary 

Authority. 

Worth,  J.  E.,  M.I.C.E.      . .   District  Engineer,  London  County  Council,  Spring 

Gardens,  S.W. 

York,  H  Surveyor  to  the  Local  Board,  Teddington. 

TOWNS. 

Abingdon    G.  Winship. 

Acton   D.  J.  Ebbetts. 

Alverstoke   W.  H.  Fry. 

Aylesbury   G.  Cannon. 

Barking    C.  J.  Dawson. 

Barnes   G.  B.  Tomes. 

Beckenham   J.  A.  Angell. 

Bedford    J.  Lund. 

„     (County)    W.  H.  Leete. 

Bexhill       ..     ..     .-   M.  D.  Graves. 

Biggleswade    G.  W.  Manning. 

Bishop's  Stortford   R.  S.  Scott. 

(R.S.A.)  ..     ..  E.  T.  Watts. 

Brighton    F.  J.  C.  May. 

„    P.  C.  Lock  wood. 

Bromley    H.  S.  Cregeen. 

„   S.  T.  Hawkings. 

Buckinghamshire  (County)     . .     . .  R.J.  Thomas. 

Canterbury   ..  F.Baker. 

Carsh  alton   T.  L.  He  ward. 

Cheshunt    S.  Towlson. 

Chichester    H.  W.  Stringfellow. 

Croydon    T.  Walker. 

„        (Rural)    W.  G.  Forder. 

Dorking    G.  S.  Mathews. 

„      (R.S.A.)    W.  Rapley,  jun. 

Dover   W.  Thomas. 

Ealing   C  Jones. 

Eastbourne     R.  M.  Gloyne. 

East  Ham   W.  H.  Savage. 

East  Molesey   J.  Stephenson. 

Epsom   E.  R.  Capon. 

„    J.  R.  Harding. 

Erith   H.  Hind. 

Fareham    W.  Butler. 

Finchley    F.  Smythe, 

Folkestone   J.  White. 

Friern  Barnet   E.  J.  Reynolds. 

Guildford   F.  T.  Maltby. 

Hampshire  (County)   J.  Robinson. 

Hampton    J.  Kemp. 

G 


XXXIV 


HOME  DISTRICT — TOWNS. 


Hanwell    S.  W.  J.  Barnes. 

Harrow   T.  Charles. 

Hendon   S.  S.  Grimley. 

„        (Kural)    C.  A.  Woodbridge. 

Henley-on-Thames    R.  Pratt. 

Hertford    T.  R.  Dickinson. 

Heston  and  Isleworth   W,  B.  Bromley. 

„  „    J.  H.  Strachan. 

Hornsey    E.  J.  Lovegrove. 

Hounslow   W.  B.  Bromley. 

Hove    «.     ..  H.H.Scott. 

Kent  (County)   F.  W.  Ruck. 

Kingston  (Highway  Board)     ..     ..  A.J.Henderson. 

„      (Rural)    W.  H.  Hope. 

Lewes   T.  W.  Franks. 

Leyton,  E   W.  Dawson. 

Littlehampton   A.  Howard. 

London  (County)    A.  R.  Binnie. 

„  „    J.  E.  Worth. 

Luton   T.  R.  Roscoe, 

Maidstone  (Rural)   S.  Stallard. 

Margate    A.  Latham. 

MlLTON-NEXT-SlTTINGBOTJRNE     . .      . .  A.  B.  Acworth. 

New  Barnet    G.  W.  Brumell. 

Newbury    E.  A.  Stickland. 

New  Malden    T.  L.  He  ward. 

Oxford   W.  H.  White. 

Portsmouth   p.  Murch. 

Ramsgate   W.  Oxtoby. 

  W.  A.  M.  Valon. 

Reigate    F.  D.  Clark. 

Richmond    E.  J.  Lovegrove. 

Rochester   W.  Banks. 

Ryde    F.  Newman. 

Sevenoaks   . .  J.  Mann. 

Sheerness   C.  A.  Copland. 

Shirley  and  Freemantle      . .     . .  H.  J.  Weston. 

Slough     J.  Baker. 

Southampton    W.  B.  G.  Bennett. 

>»    J.  Lemon. 

Southend-on-Sea    p.  Dodd. 

  C.  T.  Copley. 

Southgate   C.  G.  Lawson. 

South  Hornsey   M.  W.  Jameson. 

Surrey  (County)   F.  G.  Howell. 

Sussex  (County),  East    Hy.  Card. 

>.  „        West    C.  Adcock. 

Sutton   A.  D.  Greatorex. 


Teddington 
Tottenham 


H.  York. 
J.  E.  Worth. 
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Tunbridge  Wells 
Twickenham 

Ventnor 

„  «... 

Walthamstow    . . 
Wanstead 
"Wantage 
Watford 

„  (Rural) 
West  Cowes 
West  Ham,  London 
Willesden 
Wimbledon 
Woodford  .. 
Wood  Green 

Worthing 


..  T.  E.  W.  Mellor. 
..     G.  B.  Laffan. 

E.  J.  Harvey. 
J.  G.  Livesay. 

..  G.W.Holmes. 

J.  T.  Bressey. 

W.  Hanson. 

D.  Waterhouse. 
..     G.  A.  Heath. 

N.  F.  Dennis, 

L.  Angell. 

O.  C.  Robson. 

0.  H.  Cooper. 

J.  D.  Hooper. 

0.  J.  Gunyon. 

C.L.Walker. 
..     M.  Aspinall. 


No.  2. — METEOPOLITAN  DISTKXCT. 

Hon,  Secretary — G.  R,  W.  Wheeler,  Town  Hall,  Westminster,  S.W. 
MEMBERS. 


Barber,  Ja&   Late  Surveyor  to  the  Parishes  of  Streatham  and 

Tooting.    Endlesham  Road,  Balham,  S.W. 

Barber,  J.  P.,  A.M.I.O.E.  ..  Surveyor  to  the  Vestry,  St.  Mary,  Islington. 

Barratt,  F.  W   Surveyor  to  the  Vestry,  Bethnal  Green. 

Blair,  W.  N.,  A.MXC.E.   ..  Surveyor  to  the  Vestry,  St.  Pancras. 

Burgess,  S.  E   Surveyor  to  the  Vestry,  Stoke  Nt  wington. 

Carline,  J.,  A.M.I.CE.      ..  District  Surveyor,  Lewisham,  Catford  Hill,  S.E, 

Dodd,  P.,  A.M.I.C.E   Surveyor,  Wandsworth,  S.W. 


Findlay,  R.,  A.M.I.C.E.    ..    Surveyor  to  the  Parish  of  Eltham,  Plumstead. 
Forder,  W.  G.,  A.M.I.C.E. . .    Surveyor  to  the  Croydon  Rural  Sanitary  Authority. 

Higgens,  T.  W.  E.,  Assoc.  M.   Surveyor  to  the  Vestry.  Chelsea. 


Inst.  C.E. 

Holt,  G.  F   Surveyor,  Poplar  District  Board  of  Works. 

Iron,  W   Surveyor  to  the  Vestry,  Clerkenwell. 

Isaacs,  L.  H   Surveyor  to  the  Holborn  District  Board  of  Works, 

Verulam  Buildings,  Gray's  Inn  Road. 

Knight,  J.  M   Vestry  Hall,  Mile  End. 

Livingstone,  Geo.,  Assoc.  M.  Surveyor  to  the  Vestry,  St.   George,  Hanover 

Inst.  C.E.  Square.    1  Pimlico  Road,  S.W. 

Lowe,  C.  H.,  A.M.I.C.E.    ..  Surveyor  to  the  Vestry,  Hampstead. 
(  Vice-President.) 

Mair,  H.,  A.M.I.C.E   Surveyor  to  the  Parish  of  Hammersmith. 

Marten,  H.  J.,  A.M.I.C.E.  Surveyor  to  Wandsworth  (Streatham  and  Tooting)* 

C  2 
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Mason,  C,  A.M.I.C.E   Surveyor  to  the  Vestry,  St.  Martin-in-the-Fields. 

Town  Hall,  Charing  Cross,  S.W. 
Meaby,  M.  C,  A.M.I.CE.  ..    Surveyor  to  the  Vestry,  St.  Luke,  Middlesex. 

Norrington,  J.P.,  A.M.I.C.E.    Surveyor  to  the  Vestry,  Lambeth. 
Nourish,  G.  R   Surveyor  to  St.  Saviour,  Southwark. 

Pilditch,  J.  T  Surveyor  to  the  Parish  of  Battersea. 

Radford,  J.  C,  A.M.I.C.E. ..    District  Surveyor,  Putney. 

Rowland,  J  District  Surveyor,  Plumstead  (Charlton  Parish). 

155  Church  Lane,  Old  Charlton,  Kent. 

Scorgie,  N.,  A.M.I.C.E.     ..    Surveyor  to  the  Vestry,  Rotherhithe,  S.E. 
South  am,  A.,  A.M.I.C.E.    ..    Surveyor,  Clapham,  London,  S.W. 
Sumner,  F.,  A.M.I.C.E.     ..    Surveyor  to  the  Vestry,  Bermondsey. 

Tomkins,  H.,  A.M.I.C.E.    ..    Surveyor  to  the  Vestry,  St.  MarylebDne. 

Ventris,  A.,  A.M.I.C.E.     ..    Surveyor  to  the  Strand  District  Board  of  Works, 

3  Tavistock  Street,  Covent  Garden,  and  49 
Seymour  Street,  Portman  Square. 

Waddington,  J.  A.  P.,  Assoc.    Surveyor  to  the  Vestry,  Stoke  Newington. 
M.  Inst.  C.E. 

Wallace,  G  Surveyor  to  St.  Giles  District  Board  of  Works. 

Weaver,  Wm.,  M.I.C.E.     ..    Surveyor  to  the  Vestry,  Kensington. 
(Member  of  Council.) 

Weston,  Geo  Surveyor  to  the  Vestry,  Paddington. 

Wheeler,'  G.  R.  W.,  Assoc.   Surveyor  to  the  Vestry,  Westminster.  Hon. 
M.  Inst.  C.E.  Secretary,  Metropolitan  District. 

(Member  of  Council.) 

Woods,  Hy  District  Surveyor,  Plumstead  (Parishes  of  Lee 

and  Kidbrook).  Dryden  Terrace,  Turner  Road, 
Lee,  Kent. 


TOWNS. 

Battersea    J.  T.  Pilditch. 

Bermondsey   F.  Sumner. 

Bethnal  Green   F.  W.  Barratt. 

Chelsea    . .     . .  T.  W.  E.  Higgens. 

Clapham   A.  Southam. 

Clerkenwell       ..     ..   W.Iron. 

Hammersmith    H.  Mair. 

Hampstead   C.  H.  Lowe. 

Holborn   L.  H.  Isaacs. 

Kensington  r     ..  W.  Weaver. 

Lambeth    J.  P.  Norrington. 

Lewisham    J.  Carline. 

Mile  End    J.  M.  Knight. 

Paddington   G.  Weston. 

Plumstead    R.  Findlay. 

„    J.  Rowland. 

„    Hy.  Woods. 
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Poplar   G.  F.  Holt. 

Putney   J.  0.  Kadford. 

Rotherhithe    N.  Scorgie. 

St.  George,  Hanover  Square     ..     ..  G.  Livingstone. 

St.  Giles.    G.  Wallace. 

St.  Luke    M.  C.  Meaby. 

St.  Martin-in-the-Fields   C.  Mason. 

St.  Mary,  Islington   J.  P.  Barber. 

St.  Marylebone   H.  Tomkins. 

St.  Pancras   W.  N.  Blair. 

St.  Saviour,  Southwark   G.  R.  Norrish. 

Stoke  Newington    J.  A.  P.  Waddington. 

Strand   A.  Ventris. 

Streatham  and  Tooting   H.  J.  Marten. 

Wandsworth   P.  Dodd. 

Westminster   G.  R.  W.  Wheeler. 


No.  3.— THE  MIDLAND  DISTRICT. 

Hon.  Secretary — A.  T.  Davis,  Shire  Hall,  Shrewsbury. 
MEMBERS. 

Allen,  T.  T   Broad  Street,  Stratford-on-Avon. 

Ault,  W.  F   Surveyor  to  the  Rural  Sanitary  Authority,  Billes- 

don,  Leicester. 

Beckley,  J.  W  Town  Surveyor,  Brierley  Hill. 

Berrington,     R.     E.     W.,    Borough  Engineer,  Wolverhampton. 
A.M.I  C.E. 

Bettany,  F   Borough  Engineer,  Burslem. 

Bishop,  McW  Surveyor  to  the  Local  Board,  Sutton-in-Ashfield, 

Notts. 

Blackshaw,  W.,  A.M.I.C.E.      Borough  Surveyor,  Stafford. 

Brettell,  W.  H   Surveyor  to  the  Local  Board,  Rowley  Regis, 

Staffordshire. 

Brierley,  J.  H  Surveyor  to  the  Local  Board,  Rugby. 

Brown,  Arthur,  M.I. C.E.  ..    Borough  Engineer,  Nottingham. 
(Member  of  Council). 

Brown,  W.  I  Borough  Surveyor,  Northampton. 

Brown,  W.  T  Surveyor    to    the  Rural    Sanitary  Authority, 

Worksop. 

Campbell,  A.  H   Borough  Surveyor,  Stratford-on-Avon. 

Ohippbrfield,    W.    R.    H.,    Surveyor  to  the  Rural  Sanitary  Authority,  Ather- 
A.M.I.G.E.  stone,  Warwickshire. 

Clarson,  H.  J  Borough  Surveyor,  Tamworth. 

Coales,  H.  G.,  A.M.I.C.E.  . .    Surveyor  to  the  Local  Board,  Market  Harborough. 

Comber,  A  Borough  Surveyor,  Kidderminster. 

Cook,  F.  P.,  A.M.I.C.E.      ..    Surveyor  to  the  Local  Board,  Mansfield  Wood- 
house. 

Cobrie,  C.  J   City  Surveyor,  Lichfield. 

Currall,  A.  E  Surveyor  to  the  Rural  Sanitary  Authority,  Soli- 
hull, Warwickshire. 
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Da  vies,  W.  A.,  A.M.I.C.E.  ..  Surveyor  to  the  Local  Board,  Aston  Manor. 

Davis,    A.    T.,    A.M.I.C.E.  County  Surveyor,  Salop ;  Hon.  Secretary,  Midland 

(Member  of  Council.)  Counties  District. 

De      Normanville,      W.,  Borough  Surveyor,  Leamington  Spa. 
A.M.I.C.E. 

Dixon,  R   Surveyor  to  the  Local  Board,  Harborne. 

Dunsoombe,  N.,  A.M.I.C.E.  Borough  Surveyor,  Chesterfield. 

EAYRS,  J.  T.,  M.I.C.E.     . .  Borough  Surveyor,  West  Bromwich. 

(Past  President.) 

Eddowes,  W.  C   Borough  Surveyor,  Shrewsbury. 

Fiddian,  W   Town  Surveyor,  Stourbridge. 

Gammage,  J   Borough  Surveyor,  Dudley. 

Garratt,  C.  T   Surveyor  to  the  Local  Board,  Ashby  Would s. 

Garrett,  J.  H   County  Surveyor,  Worcester. 

Godfrey,  B   Borough  Surveyor,  Droitwich. 

Godfrey,  R.,  A.M.I.C.E.    ..  Surveyor  to  the  Rural  Sanitary  Authority,' King's 

(Member  of  Council.)  Norton.    King's  Heath,  near  Birmingham. 

Griffiths,  F   Corporation  Waterworks  Engineer,  Leicester. 

Hamar,  A   Borough  Surveyor,  Bishop's  Castle,  Salop. 

Hammonds,  G.  B   Surveyor  to  the  Local  Board,  Newport,  Salop. 

Harrison,  O.  E   Surveyor  to  the  Local  Board,  Worksop. 

Harrison,  R.  J.,  A.M.I.C.E.  Borough  Surveyor,  Derby. 

Hawgood,  R.  H   Surveyor  to  the  Rural  Sanitary  Authority,  Aston. 

Hawley,  G.  W   Surveyor  to  the  District  Highway  Board,  Notting- 
ham. 

Herrod,  H   Surveyor  to  the  Rural  Sanitary  Authority,  Bar- 

row-on-Soar. 

Hodson,  George,  M.I.C.E.  . .  Loughborough. 

Holland,  E.  S   Borough  Surveyor,  Leominster. 

Hooley,  E.  P.,  A.M.I.C.E.  . .  County  Surveyor,  Nottingham. 

(Member  of  Council). 

Jaffrey,  W   Town  Surveyor,  Matlock  Bath. 

Jeeves,  Ed   Surveyor  to  the  Local  Board,  Melton  Mowbray. 

Jukes,  W.  H   Surveyor  to  the  Local  Board,  Tipton. 

Kennedy,  J.  D   Town  Surveyor,  Retford. 

Kilford,  H.  J   Borough  Surveyor,  Ilkeston,  Derbyshire. 

Law,  E   County  Surveyor,  Northampton. 

Lilley,  G.  H   Surveyor  to   the   Local    Board,  Ashby-de-la- 

Zouch. 

LOBLEY,  J.,  M.I.C.E.  (Past  Borough  Engineer,  Hanley,  Staffordshire. 

President.) 

Marston,  C.  F.,  A.M.I.C.E.  Borough  Surveyor,  Sutton  Coldfield. 

Mawbey,  E.  G.,  A.M.I.C.E. ..  Borough  Engineer,  Leicester. 

Mawson,  R.  C   Borough  Surveyor,  Evesham. 

Middleton,  R.  H   Borough  Surveyor,  Walsall. 

Mortimer,  J   Surveyor  to  the  Local  Board,  Tettenhall,  near 

Wolverhampton. 

My  att,  J   Town  Surveyor,  Leek. 

Parker,  J.,  A.M.I.C.E.       ..  Surveyor  to  the  Basford  Union  Rural  Sanitary 

Authority,  Nottingham. 

Parker,  J..  A.M.I.C.E.       ..  City  Surveyor,  Hereford. 

Pattlson,  J.,  jun   Borough  Surveyor,  Newcastle-under-Lyme. 

Pemberton,  O   Surveyor  to  the  Local  Board,  Desborough. 
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Pickering,  J.  S.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Nuneaton. 

PRITCHARD,  E.,  M.I.O.E.  37  Waterloo  Street,  Birmingham. 
(Past  President.) 

Purnell,  E.  J   City  Surveyor,  Coventry,  Warwickshire. 

Richardson,  H.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Oldbury. 

Ridout,  A.  R.    Surveyor  to  the  Local  Board,  Wirks worth. 

Roberts,  R.  O.  W   Borough  Surveyor,  Oswestry. 

Scott,  E.  M   Borough  Surveyor,  Wednesbury. 

Shackleton,  C.  W   Surveyor  to  the  Local  Board,  Coseley. 

Sharman,  E   Surveyor  to  the  Local  Board,  Wellingborough, 

Northamptonshire. 

Shaw,  J.  H   Surveyor  to  the  Local  Board,  Brownhills,  Stafford- 
shire. 

Shepherd,  G.  J   Highway  Surveyor,  Kidderminster. 

Sheppard,  Geo   Borough  Surveyor,  Newark. 

Siddons,  J.  M   Town  Surveyor,  Oundle. 

Simpson,  J   Wirksworth,  Derbyshire. 

Simpson,  W.  H.,  A.M.I.C.E. ..  Surveyor  to  the  Blaby  Union  R.S.A.,  Leicester. 

Smith,  T.  R   Surveyor  to  the  Local  Board,  Kettering. 

Story,  G.  S.,  M.I.C.E   County  Surveyor,  Derby. 

Stuart,  J.  C   Surveyor  to  the  Local  Board,  Smethwick. 

Swindlehurst,  J.  E.,  Assoc.  Borough  Surveyor,  Burton-upon-Trent. 
M.I.C.E. 


Thomas,  R.  J   County  Surveyor,  Aylesbury,  Bucks. 

TILL,  W.  S.,  M.I.C.E.  (Past  Borough  Engineer,  Birmingham. 
President). 

Vallance,  R.  F   Town  Surveyor,  Mansfield. 

Wakelam,  H.  T.,  A.M.I.C.E.  County  Surveyor,  Hereford. 

Walshaw,  J.  W   Borough  Surveyor,  Peterborough. 

Wardle,  J.  W.,  A.M.I.C.E. . .  Borough  Surveyor,  Longton. 

Whitbread,  R   Surveyor  to  the  Local  Board,  Carlton,  Notts. 

Willcox,  J.  E.,  A.M.I.C.E. ..  118  Colmore  Row,  Birmingham. 

Williams,  J.  B   Borough  Surveyor,  Daventry. 

Willmot,  J   County   Surveyor,  Warwickshire.    6  Waterloo 

Street,  Birmingham. 

Wilson,  C.  L.  N.,  A.M.I.C.  E.  Town  Surveyor,  Bilston. 

Wood,  A.  R   Surveyor  to  the  Local  Board,  Tunstall. 

York,  E.  A   95  Upper  Walhouse  Street,  Walsall. 


TOWNS. 

Ashby-de-la-Zouch    G.  H.  Lilley. 

Ash  by  Woulds    C.  T.  Garratt. 

Aston  Manor    W.  A.  Davies. 

„     (R.S.A.)    R.  H.  Hawgood. 

Athurstone  (R.S.A.)   W.  R.  H.  Chipperfield. 

Barrow-on-Soar  (R.S.A.)   H.  Herrod. 

Basford  Union  (R.S.A.)   J.Parker. 

Bilston   C.  L.  N.  Wilson. 

Birmingham   ..  W.  S.  Till. 

»    E.  Pritchard. 

Bishop's  Castle   A.  Hamar. 

Blaby  (R.S.A.)    ..     ..  W.  II.  Simpson. 
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Brierley  Hill    J.  W.  Beckley. 

Brownhills   J.  H.  Shaw. 

Burslem   F.  Bettany. 

Burton-upon-Trent    J.  E.  Swindlehurst. 

Carlton,  Notts   R.  Whitbread. 

Chesterfield   N.  Dunscombe. 

Coseley     C.  W.  Shackleton. 

Coventry    E.  J.  Purnell. 

Daventry      . .     .   J.  B.  Williams. 

Derby    K.  J.  Harrison. 

„    (County)    G.  S.  Story. 

Desborough   O.  Pemberton. 

Droitwich    B.  Godfrey. 

Dudley   J.  Gammage. 

Hanley   ,   J.  Lobley. 

Harborne    B.  Dixon. 

Hereford    J.  Parker. 

„       (County)    H.  T.  Wakelain. 

Ilkeston   H.  J.  Kilford. 

Kettering    T.  K.  Smith. 

Kidderminster    A.  Comber. 

„   G.  J.  Shepherd. 

King's  Norton  (R.S  A.)    R.  Godfrey. 

Leamington  Spa   ..     .  »  W.  De  Norman viUe. 

Leek    J.  Myatt. 

Leicester    E.  G.  Mawbey, 

Leominster   E.  S.  Holland. 

Lichfield    C.  J.  Corrie. 

Longton   J.  W.  Wardle. 

Loughborough    Geo.  Hodson. 

Mansfield    R.  F.  Vallance. 

Mansfield  Woodhouse    b\  P.  Cook. 

Market  Harboro'    H.  G.  Coales. 

Matlock  Bath    W.  Jaffrey. 

Melton  Mowbray    E.  Jeeves. 

Newark   ..  G.  Sheppard. 

Newcastle-under-Lyme    J.  Pattison,  jun. 

Newport,  Salop   G.  B.  Hammonds. 

Northampton    W.  I.  Brown. 

Northampton  (County)    E.  Law. 

Nottingham   A.  Brown. 

„  (County)   E.  P.  Hooley. 

Nuneaton    J.  S.  Pickering. 

Oldbury  ..   H.  Richardson. 

Oswestry    R.  O.  W.  Roberts. 

Oundle   J.  M.  Siddons. 

Peterborough    J.  W.  Walshaw. 

Retford   J.  D.  Kennedy. 

Rowley  Regis    „.  W.  H.  Brettell. 

Rugby    J.  H.  Brierley. 
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Shrewsbury   W.  C.  Eddowes. 

Shropshire  (County)   A.  T.  Davis. 

Smethwick    J.  0.  Stuart. 

Solihull  (Rural)   A.  E.  Currall. 

Stafford     W.  Blackshaw. 

Stourbridge   W.  Fiddian. 

Stratford-on-Avon    A.  H.  Campbell. 

Stretford    H.  Royle. 

Sutton  Coldfield    C.  F.  Marston. 

Sutton-  in- Ashfield    ..     ..     ..     ..  McW.  Bishop. 

Tamworth    H.  J.  Clarson. 

Tettenhall   J.  Mortimer. 

Tipton   W.  H.  Jukes. 

Tunstall    A.  R.  Wood. 

Walsall   R.  EL  Middleton. 

Warwickshire   J.  Willmot. 

Wednesbury   E.  M.  Scott. 

Wellingborough   E.  Sharman. 

West  Bromwich,  Staffordshire     . .  J.  T.  Eayrs. 

Wirksworth   J.  Simpson. 

Wolverhampton   R.  E.  W.  Berrington. 

Worcester  (County)   J.  H.  Garrett. 

Worksop   O.  E.  Harrison. 

„       (Rural)   W.  T.  Brown. 


No.  4, — THE  YOEKSHIEE  DISTEICT. 

Hon.  Secretary — T.  W.  Stainthorpe,  Eston. 
MEMBERS. 

Armstead,  Richard,  Assoc.    Surveyor  to  the  Improvement  Commissioners, 
M.I.C.E   Bingley,  Yorkshire. 

B arras,  C.  C   Surveyor   to   the  Rural  Sanitary    Authority  9 

Doncaster. 

Beaumont,  A  County  Surveyor,  Yorkshire,  East  Riding. 

Brown,  R.  R  Surveyor  to  the  Local  Board,  Bridlington. 

Cox,  J.  H.,  M.I.C.E  Borough  Surveyor,  Town  Hall,  Bradford. 

(Member  of  Council.) 
Crabtree,  W.  H.  R.,  Assoc.   Borough  Surveyor,  Doncaster. 

M.I.C.E  

Creer,  A.,  A.M.I.C.E   City  Surveyor,  York. 

(Member  of  Council.) 

Dearden,  Hy   Borough  Surveyor,  Batley. 

Dyer,  S  Late  Surveyor  to  the  Local  Board,  Bridlington. 

Escott,  E.  R,  S.,  M.I.C.E.  ..  Borough  Engineer,  Halifax. 
(Vice-President.) 

Fenn,  T   Surveyor  to  the  Local  Board,  Upper  Soothill. 

Gaskell,  P   Surveyor  to  the  Local  Board,  Hornsea,  near  Hull, 
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Hare,  F.  H   Surveyor  to  the  Local  Board,  Mirfield. 

Hewson,  T.,  M.I.O.E   Borough  Engineer,  Leeds. 

(Member  of  Council.) 

Hikeley,  G.  S   Surveyor  to  the  Local  Board,  Saltburn-by-the*Sea. 

Hopkinson,  W.  H. .   Borough  Engineer,  Keighley. 

Hopper,  H.  T   Surveyor  to  the  Local  Board,  North  Ormesby, 

Middlesbrough. 

Howcroft,  James   Surveyor,  Kirkleatham  Local  Board,  Kedcar, 

(Member  of  Council)  Yorkshire ;    Hon.    Sec,   Northern  Counties 
District. 

Jennings,  G   Borough  Surveyor,  Rotherham. 

Kidd,  T.,  A.M.I.O.E   City  Engineer,  Ripon. 

Latham,  E.  D.,  A.M.I.C.E.  ..  Borough  Surveyor,  Middlesbrough,  Yorkshire. 

Lewis,  J.  D   City  Engineers  Office,  Leeds. 

Mallinson,  T   Surveyor  to  the  Local  Board,  Skipton. 

Marks,  H.  C,  A.M.I.C.E.    ..  Borough  Engineer,  Dewsbury. 

Massie,  F.,  A.M.I.C.E   Surveyor    to    the   Rural  Sanitary  Authority, 

Wakefield. 

Pearson,  W.  T   Surveyor  to  the  Local  Board,  Rothwell. 

Penty,  W.  G   Surveyor  to  the  Rural  Sanitary  Authority,  York. 

Petch,  J   Borough  Surveyor,  Scarborough. 

Porter,  R   Borough  Surveyor,  Wakefield 

Robinson,  W.  P  Surveyor  to  the  Local  Board,  Skelton-in-Cl eve- 
land. 

Ross,  P.,  A.M.I.C.E  Surveyor  to  the  Local  Board,  North  Bierley, 

Bradford. 

Rothera,  F.  Surveyor  to  the  Local  Board ,  Sowerby  Bridge. 

Saville,  J   Town  Surveyor,  Heckmondwike. 

Smithies,  A   Surveyor  to  the  Local  Board,  Castleford. 

Spinks,  W.,  A.M.I.C.E   52  Prudential  Assurance  Buildings,  Park  Row, 

Leeds. 

Stainthorpe,  T.  W   Surveyor  to  the  Eston  District  Local  Board, 

(Member  of  Council.)  Yorkshire  ;  Bon.  Sec,  Yorkshire  District. 

Stead,  S   Borough  Surveyor,  Harrogate. 

Stjtcliffe,  A   Surveyor  to  the  Local  Board,  Featherstone. 

Thorrold,  S.  E  Grove  Road,  North  Ormesby,  Middlesbrough. 

Trow,  S  Surveyor  to  the  Local  Board,  Otley. 

Wetherill,  J.  W   Surveyor  to  the  Local  Board,  Rawmarsh. 

Wike,  C.  F.,  M.I.C.E   Borough  Engineer,  Sheffield. 

(Member  of  Council.) 

TOWNS. 

Batley   Hy.  Dearden. 

Bingley   R.  Armistead. 

Bradford      ..     ..     ..     «   J.  H.  Cox. 

Bridlington   R.  R.  Brown. 

  S.  Dyer. 

Castleford   A.  Smithies. 

Dewsbury    H.  C.  Marks. 

Dox caster    W.  II.  R.  Crabtree. 

„  (Rural)     ..     ..     ..     ..     C.  C.  Ban  as. 
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Eston  District   T.  W.  Stainthorpe. 

Evesham   R.  C.  Mawson. 

Featherstone    A.  Sutcliffe. 

Halifax   E.  K.  S.  Esoott. 

Harrogate    S.  Stead. 

Heckmondwike    J.  Saville. 

Hornsea   P.  Gaskell. 

Hull    A.  E.  White. 

Keighley    W.  H.  Hopkinson. 

KlRKLEATHAM   J.  HoWCroft. 

Leeds    T.  Hewsou. 

„    W.  Spinks. 

Middlesbrough    E.  D.  Latham. 

Mirfield   F.  H.  Hare. 

North  Bierley    ..  P.  Boss. 

North  Ormesby   H.  T.  Hopper. 

Otley   S.  Trow. 

Rawmarsh    J.  W.  Wetherill. 

Ripon    T.  Kidd. 

Rotherham   G.  Jennings. 

Rothwell    W.  T.  Pearson. 

Saltburn-by-the-Sea    G.  S.  Hickley. 

Scarborough   J.  Petch. 

Sheffield    C.  F.  Wike. 

Skelton-in-Cleveland    W.  P.  Robinson.  1 

Skipton   T.  Mallinson. 

Sowerby  Bridge   F.  Rothera. 

Todmorden   H.  Shaw. 

„    A.  Greenwood. 

Wakefield    R.  Porter. 

„        (Rural)    F.  Massie. 

West  Hartlepool    J.  W.  Brown. 

Worksop  (R.S.A.)   W.  T.  Brown. 

York    A.  Creer. 

„    (Rural)   W.  G.  Penty. 

Yorkshire  (County),  East  Riding     . .  A.  Beaumont. 
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No.  5. — THE  LANCASHIKE  AND  CHESHIRE  DISTRICT. 

Hon.  Secretary — F.  S.  Button,  Town  Hall,  Burnley. 
MEMBERS. 

Adshead,  E.  E  Borough  Surveyor,  Macclesfield. 

Atkinson,  J.,  A.M.I.O.E.    . .    Borough  Surveyor,  Stockport. 

BOULNOIS,  H.  P.,  M.I.C.E.  City  Engineer,  Liverpool. 

(Past  President.') 

Bradley,  J.  W.,  A.M.I.C.E.  Borough  Engineer,  Nelson. 

Brierley,  R   Town  Surveyor,  Newton-in-Makerfield,  Lanca- 
shire. 

Brockbank,  W.  Hy   Borough  Surveyor,  Bolton. 

Brooke,  J   Surveyor  to  the  Local  Board,  Northwich. 

Broom,  G.  J.  C,  M.I.C.E.    ..  Borough  Engineer,  St.  Helen's,  Lancashire. 

Brownridge,  C,  A.M.I.C.E.  Borough  Engineer,  Birkenhead. 

Burslam,  R   Borough  Surveyor,  Congleton. 

Burton,  J.  H   Surveyor  to  the  Local  Board,  Audenshaw,  Lan- 
cashire. 

Button,  F.  S.,  A.M.I.C.E.   ..  Borough    Surveyor,    Burnley;    Hon.  Secretary, 

(Member  of  Council,)  Lancashire  and  Cheshire  District. 

CART  WRIGHT,  J. ,  M.I.C.E.  Borough  Surveyor,  Bury,  Lancashire. 

(Past  President.) 

Clough,  W   Surveyor  to  the  Local  Board,  Atherton. 

Cook,  J.,  A.M.I.C.E   Borough  Surveyor,  Lancaster. 

Crabtree,  W.,  M.I.C.E.      ..  Borough  Surveyor,  Southport. 

Crowther,  J.  A   Borough  Surveyor,  Bootle,  Lanes. 

Dent,  William    Late  Surveyor  to  the  Local  Board,  Nelson-in- 

Marsden,  Lancashire.    Railway  Street,  Nelson, 

Diggle,  Jas.,  A.M.I.C.E.     . .    Borough  Engineer,  Hey  wood. 

Diggle,  Wm  Surveyor,  Frodsham,  Chester. 

Dixon,  F.  E.,  A.M.I.C.E.    ..    Surveyor  to  the  Local  Board,  Bamber  Bridge, 

near  Preston. 

Dixon,  Isaac   Late  Surveyor  to  the  Local  Board,  Wavertree. 

Earnshaw,  J.  T.,  A.M.I.C.E.    Borough  Surveyor,  Ashton-under-Lyne,  Lanca- 
shire. 

Eaton-Shore,  G.,  A.M.I.C.E.    Borough  Surveyor,  Crewe. 

Eckersley,  W  Surveyor  to  the  Local  Board,  Chadderton,  Lanes. 

Edmundson,  S  Surveyor  to  Rural  Sanitary  Authority,  Burnley. 

Everett,  F.  C,  A.M.I.C.E. ..    Surveyor  to  the  Local  Board,  West  Derby. 

Foster,  T  Surveyor  to  the  Hoylake  and  West  Kirby  Local 

Board. 

FOWLER,   ALFRED    M.,    1  St.  Peter's  Square,  Manchester. 

M.I.C.E.  (President.) 
Fraser,  A.  O   Surveyor  to  the  Local  Board,  Allerton,  Liverpool. 

Gaulter,  M.  S  Town  Surveyor,  Fleetwood. 

Goldsworth,  W  Surveyor  to  the  Local  Board,  Prescot,  Lancashire. 

Greenwood,  A  Late  Surveyor  to  the  Local  Board,  Todmorden. 

Greg  son,  J.,  A.M.I.C.E.      ..    Surveyor  to  the  Local  Board,  Padiham,  near 

Burnley. 
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Hall,  W.,  A.M.LO.E  

Heaton,  Geo.,  A.M.I.O.E.  . . 

HlGGINSON,  T  

Hooley,    Cosmo  C,  Assoc. 
M.I.C.E. 

Jones,  I.  M.,  A.M.I.C.E.  .. 


Surveyor  to  the  Local  Board,  Great  Crosby. 
Surveyor  to  the  Local  Boards,  Pemberton,  Aspull, 

Abram,  and  Orrell.    King  Street,  Wigan. 
28  Deacon  Koad,  Appleton,  Widnes. 
Rural  Sanitary  Authority,  Barton-upon-Irwell, 
Patricroft. 

City  Surveyor,  Chester ;  Engineer  to  the  Dee 
Bridge  Commissioners. 

Landless,  J.  T  Surveyor  to  the  Local  Board,  Brierfield,  Lanes. 

Leigh,  W  Borough  Surveyor,  Chorley. 

Lomax,  C.  Jas  Grosvenor  Chambers,  Deansgate,  Manchester. 

Mallinson,  J   Surveyor  to  the  Local  Board,  Colne,  Lancashire. 

Mawson.  Jno   Late  Local  Board,  Shaw,  near  Oldham. 

McBeath,  A.  G.,  A.M.I.C.E.     Surveyor  to  the  Local  Board,  Sale,  Cheshire. 
McCallum,  J.   B.,  M.I.C.E.    Borough  Engineer,  Blackburn. 

(Member  of  Council.') 
MEADE,  T.  DE  COURCY,    City  Engineer,  Manchester. 
M.I.C.E.    (Past  President.) 

Middlebrook,  S   Surveyor  to  the  Local  Board,  Walton-on-the-HilL 

Mills,  J.  H   Surveyor  to  the  Local  Board,  Crompton,  near 

Oldham. 

Mitchell,  J  Borough  Surveyor,  Hyde,  Manchester. 

Mountain,  A.  H.,  A.M.I.C.E.    Surveyor  to  the  Local  Board,  Withington,  near 

Manchester. 

Naylor,  W.,  A.M.I.C.E.      ..    16  Walton's  Parade,  Preston. 

Newton,  G.  H  Surveyor  to  the  Local  Board,  Denton,  Manchester. 

Newton  J.,  M.I.C.E   Carlton  Buildings,  Manchester;  Engineer  to  the 

Local  Board,  Bowdon,  Cheshire. 
Newton  W.  J.,  A.M.I.C.E. ..    Borough  Surveyor,  Accrington. 
Nuttall,  T.,  A.M.I.C.E.     . .    Surveyor  to  the  Local  Boards,  Kearsley  and 

Ramsbottom,  Lancashire.    12  Market  Street, 

Bury,  Lanes. 


Parkinson,  Jas.,  A.M.I.C.E. 
Pinfold,  W.  F  

Platt,    S.    S.,  A.M.I.C.E. 

(Member  of  Council.) 
Price,  John,  A.M.I.C.E. 

Proctor,  J.,  M.I.C.E  


Rothwell,  E.,  A.M.I.C.E.  .. 
Royle,  H.,  A.M.I.C.E  


Surveyor  to  the  Local  Board,  Turton,  near  Bolton. 
Surveyor  to  the  Local  Board,  Swinton,  near  Man- 
chester. 
Borough  Surveyor,  Rochdale. 

Surveyor  to  the  Local  Board,  Toxteth  Park,  Liver- 
pool. 

13  Mawdesley  Street,  Bolton,  Lancashire. 
Tramways  Co.,  Rochdale. 

Surveyor  to  the  Local  Board,  Stretford,  Lanca- 
shire. 


Salmon,  A.,  A.M.I.C.E.      ..  Surveyor  to  the  Local  Board,  Wallasey,  Cheshire. 

Shaw,  H.,  A.M.I.C.E.  ..     ..  Surveyor  to  the  Local  Board,  Todmorden. 

Shaw,  J   Worsley  Road,  Winton,  Manchester. 

Sheard,  W.  C   Surveyor  to  the  Local  Board,  Heaton  Norris. 

Sinclair,  J.  S.,  A.M.I.C.E. ..  Borough  Surveyor,  Widnes. 

Smith,  C.  C   Surveyor  to  the  Local  Board,  Dalton-in-Furness. 

Spinks,  W.,  A.M.I.C.E   Late  Surveyor  to  the  Local  Board,  Dukinfield. 

9  Albert  Square,  Manchester. 

Stokoe,  J   Surveyor  to  the  Local  Board,  Altrincham. 

Stubbs,  Wm.,  A.M.I.C.E.     ..  Borough  Surveyor,  Darwen. 

Swarbrick,    Joseph,    Assoc.  41  Brasenose  Street,  Albert  Square,  Manchester. 
M.I.C.E. 

Sykes,  Ed.,  A.M.I.C.E   Late  Surveyor  to  the  Local  Board,  Cheadle,  Man- 
chester. 
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Thorburn,  T.  0  Late  Borough  Surveyor,  Birkenhead. 

Thorpe,  Jas  Surveyor    to   the   Rural   Sanitary  Authority, 

Macclesfield. 

Tr avers,  W.  H  Surveyor  to  the  Local  Board,  Wavertree. 

Turley,  A.  0  Borough  Engineer,  Eccles. 

Veevers,  H.,  A.M.I.C.E.  Surveyor  to  the  Local  Board,  Dukinfield. 

Watts,  W  Water  Engineer,  Oldham. 

Welburn,  W   Borough  Surveyor,  Middleton,  near  Manchester. 

Wild,  G.  H  Surveyor  to  Local  Board,  Littleborough,  near 

Manchester. 

Wilkinson,  J.  P„  A.M.I.C.E.   Assheton  Koad,  Clayton  Bridge,  Manchester. 

Wilson,  J  Borough  Surveyor,  Bacup,  Lancashire, 

Window,  E.  R.,  A.M.I.C.E. ..    Late  Surveyor  to  the  Local  Board,  Bishop's  Stort- 

ford.    16  Cook  Street,  Liverpool. 

Yates,  F.  S.,  A.  M.  Inst.  C.E.    Surveyor  to  the  Local  Board,  Waterloo,  near 

Liverpool. 


TOWNS. 

Abram     ,   Geo.  Heaton. 

Accrington  *  ..  W.  J.  Newton. 

Allerton    A.  O.  Eraser. 

Altrincham   J.  Stokoe. 

Ashton-under-Lyne   J.  T.  Earnshaw 

Aspull   Geo.  Hoaton. 

Atherton    W.  Clough. 

Audenshaw   J.  H.  Burton. 

Bacttp    J.  Wilson. 

Bamber  Bridge   F.  E.  Dixon. 

Barton-upon-Irwell  (Rural)    . .     . .  C.  C.  Hooley. 

Birkenhead   C.  Brownridge. 

Blackburn    J.  B,  McCallum, 

Bolton   W.  H.  Brockbank. 

„    J.  Proctor. 

Bootle  ,  J.  A.  Crowther. 

Bowdon  .   ..     ..  J.Newton. 

Brierfteld   J.  T.  Landless. 

Burnley   F.  S.  Button. 

„      (Rural)  . .     . .    ,■ .     , ,     . .  S .  Edmondson. 

Bury    J.  Cartwright. 

Chadderton   W.  Eckersley-, 

Cheadle   E.  Sykes. 

Chester   I.  M.  Jones. 

Chorley   W.  Leigh. 

Colne     ..    J  Mallinson. 

Congleton    R.  Burslam. 

Crewe    G.  Eaton-Shore. 

Crompton    J.  H.  Mills. 

Dalton-in-Furness    CO.  Smith. 

Darwen   W.  Stubbs. 

Denton   G.  H.  Newton. 

Dukinfield   H.  Veevers. 
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Eccles    >   A.  C.  Turley. 

Fleetwood   M.  S.  Gaulter. 

Frodsham    W.  Diggle. 

Great  Crosby    W.  Hall. 

Heaton  Norris   W.  C.  Sheard. 

Heywood    J.  Diggle. 

Hoylake  and  West  Kirby     . .     . .  T.  Foster, 

Hyde    J.  Mitchell. 

Kearsley    T.  Nuttall. 

Lancaster    J.  Cook. 

Littleborough    G.  H.  Wild. 

Liverpool    H.  P.  Boulnois. 

Macclesfield    E.  E.  Adshead. 

„  (Rural)    J.  Thorpe. 

Manchester   T.  de  C.  Meade. 

„    A.  M.  Fowler. 

„    J.  Newton. 

Middleton,  Lancashire    W.  Welburn. 

Nelson   J.  W.  Bradley. 

Nelson-in-Marsden    W.  Dent. 

Newton-in-Makerfield    R.  Brierley, 

Northwich   J.  Brooke. 

Oldham   W.  Watts. 

Orrell   G.  Heaton. 

Padtham   J.  Gregson. 

Pemberton    Geo.  Heaton. 

Prescot     W.  Goldsworth. 

Ramsbottom   T.  Nuttall. 

Rochdale    S.  S.  Piatt. 

Sale   A.  G.  McBeath. 

Southport    W.  Crab  tree. 

Stockport    J.  Atkinson. 

St.  Helen's   G.  J.  C.  Broom. 

Swinton   W.  F.  Pinfold. 

Toxteth  Park    J.  Price. 

Turton   Jas.  Parkinson. 

Wallasey    A.  Salmon. 

Walton-on-the-Hill   S.  Middlebrook. 

Waterloo,  Liverpool   F.  S.  Yates. 

Wavertree   W.  H.  Travers. 

West  Derby   F.  C.  Everett. 

Widnes   J.  S.  Sinclair. 

„    T.  Higginson. 

Withington   A.  H.  Mountain. 
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No.  6. — THE  WESTEKN  DISTKICT. 
Hon,  Secretary — Josei>h  Hall,  Towrf  Hall,  Cheltenham. 
MEMBEES. 

Armytage,  W.  K.  L  Borough  Surveyor,  Yeovil. 

ASHME AD,  F.,  M.I.C.E.  ..    Borough  Engineer,  Bristol. 

{Past  President.') 

Bellamy,  G.  D.,  M.I.C.E.  . .    Late  Borough  Engineer,  Plymouth. 
Beswick,  W.  H.   Surveyor  to  the  Local  Board,  Ex  mouth. 

Caink,  T.,  A.M.LC.E   City  Engineer,  Worcester. 

Cameron,  D   City  Surveyor,  Exeter. 

Cotterell,  A.  P.  I.,  Assoc.  Surveyor  to  the  Local  Board,  Horfield. 
M.I.C.E. 

Edinger,  P   Surveyor  to  Local  Board,  Frome. 

Elford,  J   Borough  Surveyor,  Poole. 

Farrall,  T   Surveyor  to  the  Local  Board,  Sherborne,  Dorset. 

Flower,  J.  Moss   Surveyor  to  the  Local  Board,  Portishead,  near 

Bristol. 

Garrett,  H.,  A.M.LC.E.    . .  Town  Surveyor,  Torquay. 

Geen,  H   Borough  Surveyor,  Okehampton. 

Gray,  W.  H   Borough  Surveyor,  Tewkesbury,  Gloucestershire. 

Greenwell,  A   Surveyor  to  the  Rural  Sanitary  Authority,  Frome. 

Hall,    Joseph,    A.M.LC.E.    Borough  Surveyor,  Cheltenham ;  Hon.  Secretary, 
{Member  of  Council.)  Western  Counties  District. 

Hawkins,  I.  T  Town  Surveyor,  Somerton,  Somersetshire. 

Hickes,  T.  J  County  Surveyor,  Cornwall  (Western  division), 

Truro. 

Hodge,  J,  L.,  A.M.LC.E.     ..    Late  Surveyor  to  the  Local  Board,  East  Stone- 
house,  Devon. 

Hunt,  G.  J  Borough  Surveyor,  Dorchester. 

Inglis,  J.  C,  M.I.C.E   Surveyor  to  the  Local  Board,  Compton  Gifford, 

Devon. 

Jones,  C   Surveyor  to  the  Local  Board,  Teignmouth. 

Kirby,  C,  A.M.LC.E   Water  Engineer,  Newport,  Mon. 

Knowles,  G.  W  Town  Surveyor,  Clevedon,  Somerset. 

Lewis,  T.  L.  ..  Town  Surveyor,  St.  George,  Bristol. 

Morgan,  W.  B.,  AJM.I.C.E. ..    Borough  Surveyor,  Weymouth,  and  Melcombe 

Regis,  Dorchester. 

Nettleton,  H.,  A.M.LC.E. . .    Surveyor  to  the  Local  Board,  Weston-super-Mare. 

Parr,  F   Borough  Surveyor,  Bridgwater. 

Paton,  J  Borough  Engineer,  Plymouth. 

Phillips,  R  County  Surveyor,  Gloucester. 
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Powell,  D.  H.  W   Surveyor  to  the  Local  Board,  Kingswood,  near 

Bristol. 

Press,  W.  J  Surveyor  to  the  Local  Board,  Burnham,  Somerset. 

Prouse,  O.  M.,  A.M.I.C.E.  ..    Surveyor  to  the  Local  Board,  Ilfracombe. 

Read,  Biohard,  A.M.I.C.E.      City  Surveyor,  Gloucester. 

Sadler,  G.  W.   Late  Surveyor  to  the  Sanitary  Authority,  46  7 

High  Street,  Cheltenham. 

Saise,  A.  J  Surveyor  to  the  Local  Board,  Stapleton,  Bristol. 

Stevens,  George  Local  Board,  Blaina,  Mon. 

Stevens,  L  Surveyor  to  the  Lo  cal  Board,  Newton  Abbott, 

Devon. 

Stringpellow,W.,  A.M.I.C.E.   Surveyor  to  the  Local  Board,  East  Stonehouse. 

Tanner,  W  County  Surveyor,  Monmouthshire,  Newport. 

Webster,  J.  L  Surveyor  to  the  Local  Board,  Portland. 

Wtddowson,  W.  C  Surveyor  to  the  Local  Board,  Tredegar,  Mon. 

Wyatt,  W.  J  Surveyor  to  the  Local  Board,  Paignton,  Devon. 


TOWNS. 

Abergavenny    Jon.  Haigh. 

Blaina    ..     ..   G.  Stevens. 

Bournemouth      . .     . .     . .     . .     , .     F.  W.  Lacey. 

Bridgwater    P.  Parr. 

Bristol   F.  Ashmead. 

Burnham,  Somerset    W.  J.  Press. 

Cheltenham   Jos.  Hall. 

  G.  W.  Sadler. 

Compton  Gifpord   J.  C.  Inglis. 

Cornwall  (County),  West   T.  J.  Hickes. 

Dorchester   G.  J.  Hunt. 

East  Stonehouse   W.  Stringfellow. 

Exeter   D.  Cameron. 

Exmouth   . .  W.  H.  Beswick. 

Frome    P.  Edinger. 

„     (Rural)    A.  Greenwell. 

Gloucester   R.  Read. 

„       (County)    R.  Phillips. 

Horfield    A.  P.  I.  Cotterell. 

Ilfracombe   O.  M.  Prouse, 

Kingswood    D.  H.  W.  Powell. 

Monmouthshire  (County)   W.  Tanner. 

Newton  Abbott   L.  Stevens, 

Newport,  Mon   C.  Kirby. 

Okehampton  .    . .     . .  H.  Geen. 

Paignton    W.J.  Wyatt. 

Plymouth    J.  Paton. 

Poole     .   J.  Elford. 

Portishead   J.  Moss  Flower. 

Portland    J.  L.  Webster. 
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Sherborne    T.  Farrall. 

Somerton    I.  T.  Hawkins. 

St.  George,  Bristol   T.  L.  Lewis. 

Teignmouth   C.  Jones. 

Tewkesbury,  Gloucestershire  . .     . .  W.  H.  Gray. 

Torquay   H.  A.  Garrett. 

Tredegar    W.  C.  Widdowson. 

Weston-super-Mare   H.  Nettleton. 

Weymouth  and  Melcombe  Regis    . .  W.  B,  Morgan. 

Worcester    T.  Caink. 

Yeovil   W.  K.  L.  Armytage. 


No.  7.— THE  NORTHERN  DISTRICT. 

Hon.  Secretary — Jas.  Howcroft,  Redcar. 
MEMBERS. 

Anderson,  R.  S.,  A.M.I.C.E.     County  Surveyor,  Peebles,  N.B. 


Beatson,  W   Borough  Surveyor,  Leith. 

Bower,  Jas   Borough  Engineer,  Gateshead-on-Tyne. 

Brodie,  J.  S.,  A.M.I.C.E.    ..  Town  Surveyor,  Whitehaven. 

Brown,  Jos.  W.,  A.M.I.C.E.  Borough  Engineer,  West  Hartlepool. 

Campbell,  K.  F.,  A.M.I.C.E.  Borough  Surveyor,  Stockton. 

Cooper,  J.,  A.M.I.C.E   Burgh  Engineer,  Edinburgh. 

Cooper,  W.  W   Surveyor  to  the  Local  Board,  Bedlington. 

Crummack,  H.  C,  A.M.I.C.E.  Borough  Surveyor,  Hartlepool. 

Dalton,  T   Surveyor  to  the  Local  Board,  Ryton-on-Tyne. 

Dyack,  W.,  A.M.I.C.E   Burgh  Surveyor,  Aberdeen. 

Edge,  F.  J.,  A.M.I.C.E.      ..  Surveyor  to  the  Local  Board,  Cleator-Moor. 

Gregson,  G   Surveyor   to  the   Rural    Sanitary  Authority, 

Durham. 

Grieves,  R   Surveyor  to  the  Cowper  Local  Board,  Blythe. 

Hall,  M   Borough  Surveyor,  South  Shields,  Durham. 

Hepworth,  J.,  M.I.C.E.      . .  Engineer  to  the  Gas  and  Waterworks  of  the  Cor- 
poration of  Carlisle. 

Hollings,  G   Surveyor  to  the  Local  Board,  Wallsend. 

LAWS,  W.  G.,  M.I.C.E.      . .  City  Engineer,  Newcastle-on-Tyne. 

(Past  President.) 

Marsh,  R.  S   Surveyor  to  the  Local  Board,  Cockermouth. 

Mason,  W.  A   Surveyor  to  the  Local   Board,   Shildon,  near 

Darlington. 

Petree,  J   Borough  Surveyor,  Jarrow. 

Pickering,  Richard     ..     ...  11  Lowther  Street,  Whitehaven. 

Rounthwaite,  R.  S   Borough  Engineer,  Sunderland. 
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Simpson,  W.  S   Town  Surveyor,  Blaydon-on-Tyne. 

Smith,  W.  Howard,   Assoc.  City  Engineer,  Carlisle. 

M.I.C.E  

Spencer,  J.  P.,  A.M.I.C.E.  ..  32  Moseley  Street,  Newcastle-on-Tyne. 

Taylor,  H.  W  '  . .    Surveyor  to  the  Local  Board,  Newburn-on-Tyne. 

Turnbull,  A.  J  Borough  Engineer,  Greenock. 

Watson,  J.  I).  A.M.I.C.E.  ..   County  Sanitary  Engineer,  Aberdeenshire. 
Waye,  H  Surveyor  to  the  Local  Board,  Millom,  Cum- 
berland. 

Wilson,  Geoffrey  Surveyor  to  the  Local  Board,  Alnwick. 

Wilson,  J.  B  ,    ..   Surveyor  to  the  Rural  Sanitary  Authority,  Cock^ 

ermouth. 


TOWNS. 

Aberdeen    W.  Dyack. 

Aberdeenshire    J.  D.  Watson. 

Alnwick   G.  Wilson. 

Ayrshire    A.  Stevenson, 

Bedlington   W.  W.  Cooper. 

Blaydon-on-Tyne   W.  S.  Simpson. 

Carlisle   W.  H.  Smith. 

„    J.  Hepworth. 

Cleator-Moor    F.  J.  Edge. 

Cockermotjth   R.  S.  Marsh. 

„  (R.S.A.)   J.  B.  Wilson. 

Cowper   W.  Grieves. 

Durham  (R.S.A  )   G.  Gregson. 

Edinburgh    J.  Cooper. 

Gateshead-on-Tyne    J.  Bower. 

Greenock    A.  J.  Turnbull. 

Hartlepool   H.  C.  Crummack. 

Jarrow   J.  Petree. 

Leith    W.  Beatson. 

Millom   H.  Waye. 

Newburn-on-Tyne    H.  W.  Taylor. 

Newcastle-on-Tyne    W.  G.  Laws. 

„    J.  P.  Spencer. 

Peebles   R.  S.  Anderson. 

Ryton-on-Tyne    T.  Dalton. 

Shildon   W.  A.  Mason. 

South  Shields    M.  Hall. 

Stapleton    A.  J.  Saise. 

Stockton    K.  P.  Campbell. 

Sunderland   R.  S.  Rounthwaite. 

Wallsend      G.  Hollings. 

Whitehaven   J.  S.  Brodie.   

  R.  Pickering. 
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No.  8. — THE  EASTEEN  DISTEICT. 

Hon.  Secretary — J.  W.  Cockbill,  Great  Yarmouth. 
MEMBERS. 

Bland,  D   Surveyor  to  the  Local  Board,  Chesterton,  Cam- 
bridge. 

Buchan,  J.,  A.M.I.C.E.      . .  Late  City  Engineer,  Norwich. 

Buokham,  Es,  M.I.C.E   Borough  Surveyor,  Ipswich. 

(Member  of  Council.) 

Clare,  J   Surveyor  to  the  Local  Board,  Sleaford. 

Cockbill,  J.  W.,  A.M.I.C.E.  Borough  Surveyor,  Great  Yarmouth;  Hon.  Secre- 

(Member  of  Council.)  tary,  Eastern  Counties  District. 

Cockbill,  T.,  A.M.I.C.E.    ..  Surveyor  to  the  Local  Board,  Haverhill,  Suffolk. 

Collins,  A.  E.,  A.M.I.C.E. . .  City  Engineer,  Norwich. 

Evans,  J   Borough  Surveyor,  Grantham. 

Goodyeab,  H.,  A.M.I.C.E.  ..  Borough  Surveyor,  Colchester. 

Hamby,  G.  H   Borough  Engineer,  Lowestoft. 

Hobton,  G.  S   Surveyor  to  the  Local  Board,  Felixstowe. 

Jevons,  J.  H   Surveyor  to  the  Local  Board,  Braintree. 

MacBbaib,  R.  A.,  A.M.I.C.E.  City  Engineer,  Lincoln. 

Macdonald,  D.   G.,  Assoc.  Surveyor  to  the  Local  Board,  Gainsborough. 
M.I.C.E. 

Metcalf,  J.  W.,  A.M.I.C.E.  Town  Surveyor,  Newmarket. 

Milleb,  Hy   County  Surveyor,  East  Suffolk,  Ipswich. 

Moobe,  G.  J   City  Surveyor,  Wisbech. 

Petbee,  M   Borough  Surveyor,  Great  Grimsby. 

Plowbight,  A.  H   Borough  Surveyor,  Wisbech,  Cambs. 

Richabdson,  Jas   Urban  Sanitary  Authority,  Stamford. 

Robinson,  A.  R   Surveyor  to  the  Local  Board,  Clacton-on-Sea. 

Rowland,  T   Borough  Engineer,  Louth,  Lincolnshire. 

Rush,  J   Borough  Surveyor,  Eye,  Suffolk. 

Sasse,  G.  H   Borough  Surveyor,  Chelmsford. 

Scott,  A.  F   Surveyor  to  the  Local  Board,  Cromer. 

Silcock,  E.  J.,  A.M.I.C.E.  . .  Borough  Surveyor,  King's  Lynn. 

Smith,  J.  C,  A.M.I.C.E.     ..  Borough  Surveyor,  Bury  St.  Edmund's. 

White,  A.  E.,  A.M.I.C.E.    . .  Borough  Engineer,  Hull. 

Whitmore,  F   County  Surveyor,  West  Suffolk,  Chelmsford. 


TOWNS. 

Braintbee    J.  H.  Jevons. 

Buby  St.  Edmund's    J.  C.  Smith. 

Chelmsfobd   G.  H.  Sasse. 

(R.S.A.)    I.  C.  Smith. 

Chestebton   D.  Bland. 

Clacton-on-Sea   A.  R.  Robinson. 

Colchesteb   H.  Goodyear. 

Cromer   A.  F.  Scott. 
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Essex  (County)    F.  Whitmore. 

Eye   J.  Rush. 

Felixstowe   G.  S.  Horton. 

Gainsborough    T).  G.  MacdonaLl. 

Grantham,  Lincolnshire   J.  Evans. 

Great  Grimsby   M.  Petree. 

Great  Yarmouth   J.  W.  Cockrill. 

Harwich   H.  Ditcham. 

Haverhill    T.  Cockrill. 

Ipswich   E.  Buckham. 

Isle  of  Ely  (County)   G.  J.  Moore. 

King's  Lynn   E.  J.  Silcock. 

Lincoln   R.  A.  MacBrair. 

Louth    T.  Rowland. 

Lowestoft    G.  H.  Hamby. 

Newmarket   J.  W.  Metcalf. 

  H.  W.  Taylor. 

Norwich   A.  E.  Collins. 

Sleaford    Jesse  Clare. 

Stamford    Jas.  Richardson. 

Suffolk  (County),  E  i st    Hy.  Miller. 

Suffolk      „       West    F.  Whitmore. 

Wisbech   A.  H.  Plowright. 


No.  9.— THE  DISTKICT  OF  WALES. 

.    (  (North)— J.  W.  M.  Smith,  Town  Hall,  Wrexham. 
Hon.  Secretaries  j  (South)__w<  E  c  Thqmas>  Neath> 

MEMBERS. 

Baugh,  A.  C   Surveyor  to  the    Rural   Sanitary  Authority, 

Wrexham. 

Bell,  Geo  Borough  Surveyor,  Swansea. 

Cooke,  E  Surveyor  to  the  Local  Board,  Abersychan. 

Coverley,  J.  S  Surveyor  to  the  Local  Board,  Penmaenmawr. 

Davies,  R  Borough  Surveyor,  Brecknock. 

Davies,  R.  W  Surveyor  to  the  Local  Board,  Newtown. 

Farrington,  T.  B   Borough  Engineer,  Conway. 

Fraser,  W.,  A.M.I.C.E.      ..  Surveyor  to  the   Rural    Sanitary  Authority, 

Cardiff. 

Haigh,  Jon.,  A.M.I.C.E.     ..  Town  Surveyor,  Abergavenny. 

Harpur,  W.,  M.I.C  E   Borough  Surveyor,  Cardiff. 

Harvey,  T.  F.,  A.M.I.C.E.  ..  Engineer  to  the  Local  Board,  Merthyr  Tydvil. 

Holden,  Jas   Surveyor  to  the  Highway  Board,  Llandaff. 

Howell,  J   Surveyor  to  the  Local  Board,  Glyncorrg. 
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Jones,  J   Surveyor  to  the  Rural  Sanitary  Authority,  Mer- 

thyr  Tydvil. 

Jones,  J.  O  Borough  Surveyor,  Pwllheli. 

Jones,  W  Surveyor  to  the  Local  Board,  Colwyn  Bay. 

Marks,  T.  T.,  A.M.I.C.E.    ..    Late  Town  Surveyor,  Llandudno,  Carnarvonshire. 

Maybury,  H.  P  Surveyor  to  the  Local  Board,  Festiniog. 

Morgan,  J  Surveyor  to  the  Pontardawe  Rural  Sanitary 

Authority,  Swansea. 

Pardoe,  J.  0   Surveyor  to  the  Barry  and  Cadoxton  Local  Board. 

Smith,  J.  W.  M   Borough    Surveyor,   Wrexham,    Denbighshire  ; 

(Member  of  Council.)  Hon.  Secretary,  Wales  District  (North). 

Stephenson,  E.  P.   Town  Surveyor,  Llandudno. 

Stevens,  G   Surveyor  to  the  Local  Board,  Abercarne. 

Thomas,  John,  A.M.I.C.E.  ..    Surveyor  to  the    Rural    Sanitary  Authority, 

Swansea. 

Thomas,  T.  J.,  A.M.I.C.E.  ..    Surveyor  to  the  Local  Board,  Ebbw  Vale. 

Thomas,  W  Late  Surveyor  to  the  Margam  Local  Board, 

Port-Talbot,  S.  Wales. 
Thomas,  W.  E.  C,  A.M.I.C.E    Surveyor  to  the  Rural  Sanitary  Authority,  Neath. 

(Member  of  Council.)  Hon.  Secretary,  Wales  District  (South). 

Watkeys,  G  Surveyor  to  the  Local  Board,  Llanelly. 

Williams,  H.  D  Surveyor  to  the  Local  Board,  Ogtnore  and  Garrw. 

TOWNS. 

Abercarne    G.  Stevens. 

Abersychan  ..   E.Cooke. 

Barry  and  Cadoxton    J.  E.  Pardoe. 

Brecknock    R.  Davies. 

Cardiff   W.  Harpur. 

„     (Rural)    W.  Fraser. 

Colwyn  Bay   W.  Jones. 

Conway   T.  B.  Farrington. 

Ebbw  Vale   T.  J.  Thomas. 

Festiniog      ..    II.  P.  Maybury. 

Glyncorrg    J.  Howell. 

Llandaff    Jas.  Holden. 

Llandudno    ..     ..  E.  P.  Stephenson. 

  T.  T.  Marks. 

Llanelly    G.  Watkeys. 

Merthyr  Tydvil   T.  F.  Harvey. 

(R.S.A.)   J.  Jones. 

Neath  (R.S.A.)    W.  E.  C.  Thomas. 

Newtown    R.  W.  Davies. 

Ogmore  and  Garrw   H.  D,  Williams. 

Penmaenmawr    J.  S.  Coveiiey. 

Pontardawe  (Rural)   J.  Morgan. 

Pwllheli    J.  O.  Jones. 

Swansea   G.  Bell. 

„       (Rural)   J.  Thomas. 

Wrexham      ..     ..    J.  W.M.Smith. 

„      (Rural)   A.  C.  Baugh. 
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No.  10— THE  IKISH  DISTBICT. 

Hon.  Secretary — R.  H.  Dorman,  Armagh. 
MEMBERS. 

Berry,  J.,  M.I.C.E.,  I   Town  Surveyor,  Kingstown,  Co.  Dublin. 

Bretland,  J.  C,  M.I.O.E.  ..    City  Surveyor,  Belfast. 

Brett,  J.  H  County  Surveyor,  Co.  Antrim,  Belfast,  Ireland. 

Burchaell,  P  County  Surveyor,  Kilkenny. 

Collen,  W.,M.A.,B.E.,  Assoc.   County   Survey,  Dublin  (Louth  Division),  5 

M.  Inst.  C.E.  Clan william  Place,  Dublin. 

Comber,  P.  F.,  M.I.C.E.,  I.  . .    Town  Surveyor,  Bray.  8  Anglesea  Street  College, 

Green,  Dublin. 
Cowan,  P.  C,  M.I.C.E   County  Surveyor,  Down. 

Dixon,  E.  K.,  M.E.,  Assoc.  M.  City  Surveyor,  Castlebar,  Mayo. 
Inst.  C.E. 

Dorman,  R.  H.,  M.I.C.E.     ..  County  Surveyor,  Armagh;  Hon.  Secretary,  Irish 

{Member  of  Council.)  District. 

Duffin,  W.  E.  L.,  M.I.C.E.,  I.  County  Surveyor,  Co.  Waterford. 

Glover,    E.,    M.A.,    B.E.,  County  Surveyor,  Co.  Kildare. 
M.I.C.E. 

Gray,  R.  A   County  Surveyor,  Dublin. 

Gunnis,  J.  W   County  Surveyor,  Co.  Longford. 

Hackett,  E.  A..  M.E.,  M.  County  Surveyor,  South  Tipperary. 
Inst.  C.E. 

Harty,  S.,  MXC.E.,I   City  Engineer,  Dublin. 

Heron,  J   County  Surveyor,  Co.  Monaghan. 

Horan,  J.,  M.E.,  M.I.C.E.    . .  County  Surveyor,  Co.  Limerick. 

Jackson,  N  County  Surveyor,  Co.   Cork   (West  Riding), 

Bandon,  Co.  Cork. 

Kirkby,  S.  A.,  M.A.  (Cantab.)   County  Surveyor,  Co.  Cork.    Miramur,  Queens- 
town. 

Lynam,  P.  J   County  Surveyor,  Louth.    Dundalk,  Ireland. 

Lyons,  A.  O.,  M.I.C.E   County  Surveyor,  Co.  Cork  (East). 

Moore,  J.  H.  ..    County  Surveyor,  Meath. 

Moynan,  J.  O  County  Surveyor,  North  Tipperary. 

Orchard,  W.  P.,  B.E   County  Surveyor,  Ballina,  North  Mayo,  Ireland. 

Ottley,  D.  G.,  M.I.C.E.      . .    County  Surveyor,  Co.  Leitrim. 

Perry,  J.,  M.E.,  M.I.C.E.   ..    County  Surveyor,  Galway  (W.  Riding). 

Robinson,  W  J.,  A. M.I.C.E.     City  Surveyor,  Londonderry. 

Sanders,  R.  B  County  Surveyor,  King's  County. 

Shillington,  H  Town  Surveyor,  Lurgan. 

Smith,  J.,  A.MJ.C.E   County  Surveyor,  Co.  Galway  (East  Riding), 

Ballinasloe. 

Somerville,  R.  N.,  B.E.     ..    County  Surveyor,  Cavan,  Ireland. 

White,  H.  V.,  M  ICE  ,  I.  ..    County  Surveyor,  Queen's  Co.  Portarlington. 
Willson,  F.  R.  T   County  Surveyor,  Co.  Fermanagh, 
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TOWNS. 


Antrim  (County)   J.  H.  Brett. 

Armagh  (County)   R.  H.  Dorman. 

Belfast   J.  C.  Bretland. 

Bray    P.  F.  Comber. 

Castlebar    E.  K.  Dixon. 

Cavan  (County)   R.  N.  Somerville. 

Cork  (County)    N.  Jackson. 

  S.  A.  Kirkby. 

  A.  O.  Lyons. 

Down  (County)    P.  C.  Cowan 

Dublin   S.  Harty. 

„      (County)   R.  A.  Gray. 

„  „        South  division     ..  W.  Collen. 

Fermanagh  (County)   F.  R.  T.  Willson. 

Gal  way  (County),  E.  Riding     . .     . .  J.  Smith. 

„  „        W.Riding    ..     ..  J.Perry. 

Kildare  (County)   E.  Glover. 

Kilkenny  (County)     . .   P.  Burtchaell. 

King's  (County)   R.  B.  Sanders. 

Kingstown   J.  Berry. 

Leitrim  (County)   D.  G.  Ottley. 

Limerick  (County)    J.  Horan. 

Londonderry   W.  J.  Robinson. 

Longford  (County)    J.  W.  Gunnis. 

Louth  (County)    P.  J.  Lynam. 

Lurgan   H.  Shillington. 

Meath  (County)   J.  H.  Moore. 

Monaghan  (County)    J.  Heron. 

North  Mayo  (County)    W.  P.  Orchard. 

North  Tipperary    J.  O.  Moynan. 

Queen's  (County)   H.  V.  White. 

South  Tipperary   E.  A.  Hackett. 

Waterford  (County)   W.  E.  L.  Duffin. 


No.  11— ABKOAD. 


MEMBERS, 


Abrahams,  C.  V   City  Surveyor,  Kingston,  Jamaica. 

Aburrow,  C,  A.M.I .C.E.    ..  Town  Engineer,  Johannesberg,  S. A  > 

Andrews,  G.  R   Johannesberg. 

Brown,  P.  H.,  A.M.I.C.E.  ..  District  Engineer,  Godaveri,  Madras. 

Cairncross,  T.  W   City  Engineer,  Capetown. 

Cooper,  F.  A.,  M.I.C.E.      . .  Director  of  Public  Works,  Hong  Kong. 


DISTRICTS  ABROAD — TOWNS, 

Deverell,  T.  C,  A.M.I.C.E 
Ellis,  R.  E.,  A.M.I.C.E. 
Irving,  W.  E  


Kirk,  Thos.,  A.M.I.C.E. 
Matne,  C  


Parker,  W.,  A.M.I.C.E. 
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Borough  Engineer,  South  Brisbane,  Queensland. 
Engineer  to  the  Municipality,  Madras. 


Surveyor  to  the  Municipal  Shire  of  Toowong,  near 
Brisbane,  Queensland. 

Brisbane,  Queensland. 

Engineer  and  Surveyor,  Municipal  Council, 
Shanghai. 


District  Engineer,  Public  Works  Department, 
Chapeltown,  Jamaica. 
Peirce,  R.    Municipal  Engineer,  Penang,  Straits  Settlements. 


Richards,  R.  W   City  Surveyor,  Sydney,  N.S.W. 


TOWNS. 

Brisbane,  Queensland    T.  Kirk. 

Cape  Town   T.  W.  Cairncross. 

Chapeltown,  Jamaica   W.  Parker. 

Godaveri,  Madras     . .     . .     . .     . .  P.  H.  Brown. 

Hong  Kong   F.  A.  Cooper. 

J™o    {i^iZew, 

Kingston,  Jamaica    C.  V.  Abrahams. 

Madras   ..  R.  E.  Ellis. 

Penang,  Straits  Settlements  . .     . .  R.  Peirce. 

Shanghai,  China   C.  Mayne. 

South  Brisbane   T.  C.  Deverell. 

Sydney  (N.S.W.)   R.  W.  Richards. 

Toowong,  Queensland   W.  E.  Irving. 


ISLE  OF  MAN, 
Taylor,  T.  G  Town  Surveyor,  Douglas,  Isle  of  Man. 
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GRADUATES. 


Angel,  R.  J   Town  Hall,  Birkenhead. 

Ball,  B.,  A.M.I.C.E   Middleton,  near  Manchester. 

Ball,  C.  F   Borough  Engineer's  Office,  Bristol. 

Ball,  Geo   Borough  Surveyor^  Office,  Scarborough. 

Ball,  J.  B   Great  Northern  Railway,  King's  Cross. 

Bayley,  G.  H.,  A.M.I.C.E.  ..  Craybrow,  Lymm,  Warrington. 

Beynon,  J.  C.  S.,  A.M.I.C.E.  Royal  Chambers,  Johannesberg,  S.A. 

Birch,  J.  E.  W   107  Cobden  Road,  South  Norwood. 

Blizard,  J.  H.,  A.M.I.C.E.  ..  Lansdowne  House,  Southampton. 

Bradshaw,  F.  E.  G   Borough  Engineer's  Office,  Brighton. 

Bradshaw,  J.  B   R.  E.  Office,  Gravesend. 

Brown,  R   Local  Board  Offices,  Ealing. 

Bryans,  J.  G   Resident  Engineer's  Office,  Calle  Piedad  228, 

Buenos  Ayres. 

Bryning,  W.  G   Borough  Surveyor's  Office,  Walsall. 

Carter,  G.  F   Borough  Engineer's  Office,  Leeds. 

Catchpole,  J.  H   27  Avenue  Villas,  Avenue  Road,  Finchley,  N. 

Chasemore,  A.  E   Eberbach,  Oxford  Road,  Putney. 

Claypoole,  A.  H   City  Engineer's  Office,  York. 

Clegg,  H   Borough  Surveyor's  Office,  Burnley. 

Coales,  H.  F   38  Seaton  Street,  Chelsea. 

Cross,  F.  W.,  A.M.I.C.E.     ..  72  Corporation  Street,  Walsall. 

Crow,  A   51  Great  Prescot  Street,  E. 

Dixon,  J.  R   Borough  Surveyor's  Office,  Walsall. 

Dolamore,  F   Trouville,  Avenue  Road,  Bournemouth. 

Fenton,  W.  C   Borough  Surveyor's  Office,  Sheffield. 

Finch,  A.  R.,  A.M.I.C.E.     ..  Town  Hall,  Kensington. 

Fitton,  G   Borough  Engineer's  Office,  Reading. 

Gibbs,  L.,  A.M.I.C.E   Surveyor's  Office,  P.W.D.,  Hong  Kong. 

Glass,  S.  N   16  Ravenscroft  Road,  Chiswick,  London. 

Gordon,  J   Borough  Surveyor's  Office,  Aberdeen. 

Greenwood,  J.  P   Barry  and  Cadoxton  Local  Board,  Cadoxton,  near 

Cardiff. 

Hellawell,  O   Town  Hall,  Witbington,  Manchester. 

Hills,  H.  J   ^7  Camden  Street,  Camden  Town,  N.W. 

Houghton,  J   King's  Heath,  Birmingham. 

Hurd,  H   Town  Hall,  Spa  Road,  S.E. 

Killick,  W.  H.     ...    ..     ..  Borough  Surveyor's  Office,  Southampton, 

Lacky,  G.  W.  ..     ..  <.  Engineer's  Office,  Local  Board,  Kettering. 

L^nam,  G.  T.,  A.M.I.C.E.    ..  Assistant  Burgh  Surveyor,  Aberdeen. 

Manley,  J   County  Surveyor's  Office,  Liskeard. 

Martin,  E.  B   Borough  Surveyor's  Office,  Leeds. 

Nichols,  A.  E   Borough  Engineer's  Office,  Leeds. 

Nickols,  F.  J   City  Surveyor's  Office,  Carlisle. 
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Parr,  N   Assistant  Borough  Surveyor,  Walsall. 

Pickering,  S.  A   Borough  Surveyor's  Office,  Burnley. 

Pickles,  G.  H   Borough  Surveyor's  Office,  Burnley. 

Price,  A.  J   City  Engineer's  Office,  Worcester. 

Pritchard,  T.,  A  M.I.C.E.  ..  232  Gresham  House,  Old  Broad  Street,  E.C. 

Putman,  W.  E ,  A.M.I.C.E. ..  Borough  Engineer's  Office,  Leeds. 

Roberts,  F   Borough  Engineer's  Office,  Birkenhead. 

Saunders,  J   Borough  Surveyor's  Office,  Oldham. 

Savage,  E.  B   5  Filey  Street,  Sheffield. 

Settle,  J.  A   Borough  Surveyor'*  Office,  Bolton. 


Smith-Saville,  R.  W.,  Assoc.    Borough  Surveyor's  Office,  Burton-on-Trent. 
M.I.C.E. 


Taylor,  W.  J.,  A.M.I.C.E.  ..    1  Rose  Road,  Southampton. 


Veit,  L.  J   Town  Hall,  Bury  St.  Edmunds. 

Videan,  H.  N   Borough  Surveyor's  Office,  Folkestone. 

Ward,  F.  P.,  A.M.I.C.E.     . .  3  Cobden  Street,  Welshpool. 

Wood,  J.  W   3  Arthur  Terrace,  Penrith,  Cumberland. 

Wright,  J.  A   Lonsdale  Chambers,  Baldwin  Street,  Bristol. 

Yarwood,  Hy   Town  Hall,  Rochdale. 

Young,  W   Town  Hall,  Salford. 
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O.  C.  Robson,  Chairman, 


Lewis  Angell  (West  Ham). 
R.  Godfrey  (King's  Norton;. 
Chas.  Jones  (Ealing). 


C.  H.  Lowe  (Hampstead). 

T.  De  C.  Meade  (Manchester). 

T.  Walker  (Croydon). 
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Membership. 

1.  Members,  Graduates,  and  Honorary  Members  of  the  existing 
Association  may,  upon  signing  and  forwarding  to  the  Secretary  a 
claim  according  to  Form  F  in  the  Appendix,  become  Members, 
Graduates,  or  Honorary  Members  respectively  of  the  Association, 
without  election  or  payment  of  entrance  fees. 

Members. 

2.  Candidates  for  admission  as  Members  must  be  Civil  Engineers 
or  Surveyors  holding  chief  permanent  appointments  under  any 
Municipal  Corporations,  County  Councils,  or  Urban  or  Rural 
Sanitary  Authorities,  and  Civil  Engineers  or  Surveyors  holding 
other  chief  permanent  appointments  under  any  Public  Authority 
of  the  like  nature  within  the  United  Kingdom,  or  in  the  Colonies 
or  foreign  countries. 

Graduates. 

3.  Candidates  for  admission  as  Graduates  must  be  successful  in 
obtaining  certificates  of  competency  at  any  examination  under  the 
auspices  of  the  Association,  and  who  are  not  otherwise  qualified  as 
Members  of  the  Association ;  and  as  such  shall  be  entitled  to  attend 
the  General  and  District  Meetings,  and  to  take  part  in  the  pro- 
ceedings thereof,  and  be  entitled  to  a  copy  of  the  Minutes  of 
Proceedings,  but  shall  not  be  entitled  to  vote.  Graduates  shall  at 
their  request  become  Members  of  the  Association  when  qualified 
according  to  Bye-law  2. 

Honorary  Members. 

4.  The  Council  shall  have  the  power  to  elect  as  Honorary 
Members  gentlemen  of  eminent  scientific  position  or  acquire- 
ments, who  in  their  opinion  are  eligible  for  that  position. 

5.  The  Members,  Graduates,  and  Honorary  Members  shall  have 
notice  of  and  the  privilege  to  attend  all  Meetings,  and  be  entitled 
to  a  copy  of  the  Proceedings  of  the  Association  as  published. 
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Entrance  Fees  and  Subscriptions. 

6.  An  Entrance  Fee  of  One  Guinea  shall  be  paid  by  each 
Member,  except  Members  of  the  existing  Association,  who  shall  pay- 
no  Entrance  Fee.  Each  Member  shall  pay  an  Annual  Subscrip- 
tion of  One  Guinea. 

7.  A  Graduate  shall  not  be  required  to  pay  an  Entrance  Fee, 
either  on  his  becoming  a  Graduate  or  on  his  becoming  a  Member. 
Each  Graduate  shall  pay  an  Annual  Subscription  of  Half  a  Guinea. 

8.  All  Subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  May  in  each  year ;  and  Members 
elected  between  the  1st  day  of  January  and  the  1st  day  of  May 
in  each  year  are  required  to  pay  an  Entrance  Fee  on  Election, 
their  first  Subscription  being  due  on  the  1st  day  of  May  following 
their  Election. 

9.  The  Council  may  at  their  discretion  reduce  or  remit  the 
Annual  Subscription,  or  the  Arrears  of  Annual  Subscription,  of 
any  Member  who  shall  have  been  a  Subscribing  Member  of  the 
Association  for  ten  years,  and  shall  have  become  unable  to  con- 
tinue the  Annual  Subscription  provided  by  these  Bye-laws. 

10.  No  Proceedings  or  Ballot  Lists  shall  be  sent  to  Members 
or  Graduates  who  are  in  arrear  with  their  Subscriptions  more  than 
twelve  months,  and  whose  Subscriptions  shall  not  have  been 
remitted  by  the  Council  as  hereinbefore  provided. 

Election  of  Members  and  Graduates. 

11.  A  recommendation  for  admission  according  to  Form  A  for 
a  Member,  and  Form  B  for  a  Graduate,  in  the  Appendix,  shall  be 
forwarded  to  the  Secretary,  and  by  him  be  laid  before  the  next 
Meeting  of  the  Council. 

The  recommendation  must  be  signed  by  not  less  than  Two 
Members,  who  from  personal  knowledge  of  such  Candidate  shall 
certify  that  he  possesses  the  necessary  qualification.  Candidates 
residing  outside  England  and  Wales  not  known  by  two  Members 
of  this  Association,  may  be  proposed  by  three  Corporate  Members 
of  the  Institution  of  Civil  Engineers.  Members  who  cease  to  hold 
their  appointments  are  eligible  for  re-election  by  the  Council,  but 
will  be  disqualified  from  holding  any  Office. 

All  Elections  of  Members  and  Graduates  of  the  Association  shall 
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be  made  by  the  Council,  and  shall  be  decided  by  a  majority  of 
votes  of  the  Members  of  the  Council  present  and  voting. 

12.  When  the  proposed  Candidate  is  elected,  the  Secretary  shall 
give  him  notice  thereof  according  to  Form  C ;  but  his  name  shall 
not  be  added  to  the  List  of  Members  or  Graduates  of  the 
Association  until  he  shall  have  paid  his  Entrance  Fee  and  First 
Annual  Subscription  as  defined  by  these  Bye-laws. 

13.  A  qualified  Graduate  desirous  of  becoming  a  Member  shall 
forward  to  the  Secretary  a  recommendation  according  to  Form  D 
in  the  Appendix,  signed  by  not  less  than  two  Members,  which  shall 
be  laid  before  the  next  meeting  of  the  Council  for  their  approval. 
On  their  approval  being  given,  the  Secretary  shall  notify  the  same 
to  the  Candidate  according  to  Form  E.  A  Graduate  on  becoming 
qualified  to  be  a  Member  shall  cease  to  be  a  Graduate. 

Election  of  President,  Vice-Presidents,  and  Members  of 

Council. 

14.  The  Council  shall  nominate  one  name  for  President,  six 
for  Vice-Presidents,  one  for  Honorary  Secretary,  and  fifteen 
for  Ordinary  Members  of  Council.  In  addition  to  these,  each 
Member  of  the  Association  shall  be  at  liberty  to  nominate  one 
Member  for  the  Council,  but  in  the  event  of  the  last  named 
nominations  exceeding  fifteen,  the  Council  shall  reduce  them  to 
that  number,  so  as  to  leave  thirty  names  in  all  from  which  to  elect 
the  required  number  of  Ordinary  Members  of  Council.  Members' 
nominations  must  be  in  the  hands  of  the  Secretary  on  or  before 
the  20th  of  April  in  each  year.  And  in  case  the  Members' 
nominations  should  not  reach  fifteen,  the  Council  shall  have  the 
power  to  make  up  the  total  number  of  nominations  to  twenty. 
Such  list  of  twenty  nominations  shall  be  printed  and  sent  to  each 
Member  of  the  Association  not  less  than  fourteen  days  previous  to 
the  Annual  Meeting.  Each  Member  shall  be  entitled  to  vote  for 
or  erase  any  of  such  Nominations  or  substitute  other  names, 
subject  in  all  cases  to  the  limits  of  Clause  25  in  the  Articles  of 
Association,  and  return  the  same  within  seven  days  from  the  date 
of  issue.  Such  Ballot  Papers  shall  be  examined  in  London  by 
the  President,  Secretaries,  and  two  Scrutineers  appointed  at  the 
previous  Annual  Meeting,  or  by  any  two  of  the  aforesaid  Members. 
Any  Member  canvassing  for  votes  for  the  office  of  Member  of 
Council  shall  be  considered  ineligible  for  Election. 
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Appointment  and  Duties  of  Officers. 

15.  The  Treasurer  shall  hold  the  uninvested  funds  of  the  Asso- 
ciation, except  the  moneys  in  the  hands  of  the  Secretary  for  current 
expenses.  He  shall  be  appointed  by  the  Members  at  a  General 
or  Special  Meeting,  and  shall  hold  office  at  the  pleasure  of  the 
Council. 

16.  The  Secretary  of  the  Association  shall  be  appointed  by  the 
Council,  and  shall  be  removable  by  the  Council  upon  three  months' 
notice  from  any  day.  The  Secretary,  if  desirous  of  resigning 
his  appointment,  shall  give  the  same  notice.  The  remuneration 
of  the  Secretary  shall  from  time  to  time  be  fixed  by  the  Council. 

17.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction  of 
the  Council,  to  conduct  the  correspondence  of  the  Association ;  to 
attend  all  General  and  Special  Meetings  of  the  Association  and  of 
the  Council,  and  of  Committees  (but  not  the  District  Meetings, 
unless  required  so  to  do  by  the  President)  ;  to  take  minutes  of  the 
proceedings  of  such  meetings;  to  read  the  minutes  of  the  pre- 
ceding meetings,  and  all  communications  that  he  may  be  ordered 
to  read ;  to  superintend  the  publication  of  such  papers  as  the 
Council  may  direct ;  to  direct  the  collection  of  the  subscriptions, 
and  the  preparation  of  the  account  of  expenditure  of  the  funds ;  and 
to  present  all  accounts  to  the  Council  for  inspection  and  approval, 
and  generally  to  do  all  such  other  matters  as  usually  pertain  to 
the  office  of  Secretary,  or  as  may  be  prescribed  by  the  Council. 

Examinations. 

18.  Two  examinations  of  Candidates  for  certificates  of  com- 
petency in  Municipal  Engineering,  Surveying,  Building  Construc- 
tion, Sanitary  Science,  and  the  Public  Health  Acts,  shall  be  held 
annually  at  such  places  and  at  such  times  as  the  Council  shall 
appoint. 

The  Board  of  Examiners  shall  be  12  in  number,  and  shall  be 
elected  by  and  be  Members  of  the  Council,  or  such  other  Members 
of  the  Association  as  shall  be  leading  men  in  their  particular  branch 
of  the  Engineering  profession.  Four  of  such  Board  shall  be 
selected  by  the  Council  to  carry  out  each  Examination,  who  as 
"  Acting  Examiners,"  shall  report  to  the  Council  the  names  of 
those  Candidates  who  have  satisfied  them  of  their  proficiency. 
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Miscellaneous. 

19.  All  communications  to  the  meetings  shall  be  the  property 
of  the  Association,  and  be  published  only  by  the  authority  of  the 
Council. 

20.  Seven  clear  days'  notice  at  least  shall  be  given  of  every 
meeting  of  the  Council.  Such  notice  shall  specify  generally  the 
business  to  be  transacted  by  the  meeting. 

21.  The  Council  shall  present  the  yearly  accounts  to  the  Members 
at  the.  Annual  General  Meeting,  after  being  audited  by  two  auditors, 
who  shall  be  appointed  annually  by  the  Members  at  their  Annual 
General  Meeting. 


THE 
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TWENTY-FIRST   ANNUAL  MEETING. 

London,  June  21,  22  and  23,  1894. 


The  Members  assembled  in  the  Theatre  of  the  Institution  of  Civil 
Engineers,  Great  George  Street,  Westminster,  when  Mr.  J.  T. 
Eayrs,  President,  took  the  chair,  and  the  Minutes  of  the  Annual 
Meeting  held  at  West  Bromwich  in  July  1893  were  read,  confirmed 
and  signed. 

The  Secretary  then  read  the  Council's  Annual  Eeport  for  the 
year  ending  April  30,  1894. 

ANNUAL  EEPOET. 

The  Council  have  much  pleasure  in  presenting  their  Annual 
Eeport,  and  in  doing  so  would  note  that  the  present  year  is  the 
twenty-first  year  of  the  existence  of  the  Association. 

The  first  meeting  in  connection  with  the  formation  of  the  Asso- 
ciation was  held  in  1871,  when  a  Committee  was  appointed,  con- 
sisting of  Messrs.  Lewis  Angell,  of  West  Ham,  Greatorex,  of 
Portsmouth,  Hanvey,  of  Dover,  Marshall,  of  Tottenham,  Jacob,  of 
Bromley,  Bressey,  of  Wanstead,  and  Jones,  of  Ealing.  This  Com- 
mittee formulated  a  scheme,  and  on  February  8,  1872,  a  general 
meeting  was  called  at  this  Institution,  when  a  memorial  was 
prepared  to  the  Local  Government  Board  and  an  interview  obtained 
with  the  then  President,  the  Eight  Hon.  J.  Stansfield.  After  this 
interview  it  was  determined  to  form  an  Association,  the  first  or 
Inaugural  Meeting  of  which  was  held  at  this  Institution  on 
May  2,  1873, 
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District  Meetings. 

Since  the  last  General  Meeting,  held  at  West  Bromwich,  J uly 
13,  14  and  15,  1893,  the  following  District  Meetings  have  been 
held.  At  Westminster  on  July  31  ;  at  Leicester  on  September 
29  and  30  ;  at  Westminster  on  January  12,  1894  ;  at  Eeading  on 
April  7  ;  at  Keighley  on  May  5 ;  at  Chester  on  May  12 ;  and  at 
Torquay  on  June  2. 

Of  these  meetings,  that  held  in  Westminster  on  January  12, 
at  this  Institution,  was  the  first  held  by  the  Association  during  the 
winter  months.  Its  success  justified  the  Council's  intention  to 
hold  similar  meetings  in  the  metropolitan  district  in  future. 

The  Eoll  of  the  Association. 

During  the  financial  year  ending  April  30  last,  71  New 
Members,  consisting  of  58  Ordinary  Members  and  13  Graduates, 
have  joined  the  Association.  One  Member  has  resigned,  six  names 
have  been  written  off,  and  the  Council  record  with  regret  the 
deaths  of  Lieut.-Col.  W.  Heywood  and  S.  J.  Smith,  Honorary 
Members,  J.  Allison,  of  Manchester,  J.  Hill,  of  co.  Clare,  A.  Holt 
(Lewes),  A.  Stewart  (Maldon),  Members,  and  C.  P.  Andrews  and 
G.  W.  Kich,  Graduates.  The  number  on  the  Eoll  of  the  Asso- 
ciation at  the  close  of  the  year  was  9  Honorary  Members, 
537  Ordinary  Members  and  53  Graduates,  making  a  total  of  599, 
or  an  addition  of  56  to  the  numbers  of  the  preceding  year.  The 
Council  have  transferred  Messrs.  T.  W.  Franks,  W.  Stringfellow 
and  G.  B.  Tomes  from  the  class  of  Graduates  to  that  of  Members, 
these  gentlemen  having  been  elected  to  appointments  qualifying 
them  for  this  office  under  the  Articles  of  Association. 


The  Finances. 

The  audited  Balance  Sheet  which  accompanies  this  Eeport  shows 
a  balance  in  hand  on  the  30th  April  last  of  294Z.  10s.  5d. 

This,  taken  in  connection  with  the  Statement  of  Assets  and 
Liabilities,  shows  that  the  satisfactory  financial  position  of  the 
Association  is  maintained. 
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The  New  Council. 

The  Ballot  Lists  having  been  duly  issued,  the  Scrutineers  report 
the  result  of  the  voting  as  follows  : — 
President — A.  M.  Fowler. 

Vice-Presidents — A.  E.  Binnie,  E.  E.  S.  Escott  and  C.  H. 
Lowe. 

Ordinary  Members  of  Council — A.  Brown,  E.  Buckham, 
J.  H.  Cox,  A.  Creer,  E.  Godfrey,  E.  P.  Hooley,  F.  J.  C.  May, 
&  S.  Piatt,  O.  C.  Eobson,  T.  Walker,  W.  Weaver,  C.  F.  Wike. 

General  Honorary  Secretary — C.  Jones. 

Treasurer — Lewis  Angell. 

Examinations. 

Since  the  last  Report,  two  examinations  have  been  carried  out, 
the  first  of  which  was  held  at  St.  George's  Hall,  Liverpool,  on 
October  6  and  7,  1893.  On  this  occasion  17  candidates 
were  examined,  of  whom  9  satisfied  the  examiners  and  were 
granted  their  certificates.  The  examiners  were  Messrs.  Boulnois, 
Fowler,  Lobley  and  Meade.  The  second  examination  was  held  on 
the  27th  and  28th  of  April  at  the  Institution  of  Civil  Engineers, 
Westminster,  by  kind  permission,  when  21  candidates  were 
examined,  of  whom  12  satisfied  the  examiners  and  were  granted 
their  certificates.  The  examiners  were  Messrs.  Angell,  Crimp, 
Jones  and  Meade.  The  next  examination  will  be  held  in 
Birmingham  in  October. 

Award  of  Premiums. 

The  Council  have  awarded  the  premiums  for  the  two  best 
papers  read  in  the  twelve  months  ending  at  the  last  Annual 
Meeting,  as  follows.  The  first  premium  of  101.  to  Mr.  George 
Hodson,  of  Loughborough,  for  his  paper  entitled  "  A  Consideration 
of  some  of  the  Conditions  Eequisite  for  Obtaining  Underground 
Water  Supplies,"  read  at  the  Derby  Meeting  in  May  1893 ;  and  the 
second  premium  to  Mr.  J.  S.  Pickering  for  his  paper  entitled 
"  Sewage  Difficulties  at  Nuneaton,  and  how  they  have  been  solved/' 
read  at  the  last  Annual  Meeting.  With  regard  to  the  first  of  these 
papers  it  is  to  be  noted  that  the  whole  of  the  plates  illustrating  the 
paper  were  very  kindly  presented  to  the  Association  by  the  author, 
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The  Berridge  Bequest. 

The  Council  regret  to  have  to  report  that  the  application  made 
on  behalf  of  the  Association  to  participate  in  the  distribution  of  the 
funds  of  the  Berridge  Bequest  has  been  unsuccessful. 

Benevolent  Fund. 

A  matter  of  considerable  interest  to  the  Members  of  the  Asso- 
ciation has  occupied  the  attention  of  your  Council  with  regard  to 
the  establishment  of  a  benevolent  fund.  The  President  (Mr.  J.  T. 
Eayrs)  with  a  Committee,  at  much  pains,  drafted  a  scheme  which 
met  with  the  approval  of  your  Council  generally.  There  were, 
however,  points  of  a  purely  legal  character  connected  with  the 
proposal,  which  necessitated  the  opinion  of  your  solicitors  being 
taken.  It  is  to  be  regretted  that  the  result  of  such  reference  was 
unsatisfactory,  inasmuch  as  it  was  found  that  the  "  objects  "  as  set 
forth  in  the  Memorandum  of  Association,  together  with  the  pro- 
visions of  the  Friendly  Societies  Acts,  precluded  the  possibility  of 
carrying  out  the  intention  of  the  Council,  and  the  scheme  was 
therefore  abandoned. 

Parliamentary  Committee. 

The  Parliamentary  Committee  have  met  on  several  occasions 
during  the  past  year,  and  have  had  under  their  consideration  the 
Government  of  Ireland  Bill,  the  London  County  Council  New 
Streets  and  Buildings  Bill,  the  Local  Government  Bill  (District 
Councils),  and  various  minor  matters  indirectly  associated  with  the 
foregoing. 

A  deputation  from  the  Irish  surveyors  was  met  by  the  Chairman 
and  other  Members  of  the  Committee,  who  introduced  them  to 
Members  of  the  House  of  Commons,  and  endeavours  were  made  to 
obtain  the  required  amendments  to  the  Bill  then  under  considera- 
tion. 

"With  regard  to  the  County  Council  Bill,  several  conferences  were 
held  with  representatives  of  the  London  Vestries  with  a  view  to 
obtain  joint  action  to  carry  out  such  suggestions  as  were  felt 
necessary  for  insertion  in  the  Bill. 

With  respect  to  the  District  Councils  Bill,  strenuous  efforts  were 
made  to  bring  about  such  alterations  in  the  measure  as  would  prove 
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beneficial  to  Members  of  this  Association,  and  a  correspondence 
ensued  with  several  Members  of  both  Houses  of  Parliament,  and 
not  without  some  measure  of  success. 

Examinations  for  Sanitary  Inspectors. 

The  question  of  examinations  for  sanitary  inspectors  having  been 
brought  prominently  before  the  Local  Government  Board,  in  con- 
sequence of  the  application  of  various  bodies  for  license  from  the 
Board  to  grant  certificates  of  competency,  it  was  decided  by  the 
department  to  hold  a  conference  of  the  several  bodies  interested  in 
the  matter,  and  ascertain  the  general  feeling  upon  the  question. 
And  on  the  28th  of  February  the  second  conference  was  held  at 
the  Local  Government  Board  Offices,  Whitehall,  under  the  Presi- 
dency of  Sir  Walter  Foster,  the  Parliamentary  Secretary  of  the 
Local  Government  Board,  when  the  following  bodies  were  repre- 
sented : — The  Boyal  Institute  of  British  Architects,  the  Incor- 
porated Association  of  Municipal  and  County  Engineers,  the 
Sanitary  Institute,  the  Worshipful  Company  of  Plumbers,  the 
National  Health  Society,  the  British  Institute  of  Public  Health, 
and  the  Incorporated  Society  of  Medical  Officers  of  Health.  Your 
Association  was  represented  by  Mr.  Eayrs  (President),  Mr.  Jones 
(Hon.  Sec),  and  Mr.  Meade  (Past  President).  The  discussion 
resulted  in  the  decision  that  it  would  be  desirable  that  a  joint 
board  should  be  formed  for  the  purpose  desired  by  the  Government. 
Subsequently  a  letter  was  received  from  the  Local  Government 
Board,  asking  that  a  representative  should  be  appointed  on  behalf 
of  this  Association  to  act  on  a  joint  Committee.  Whereupon  your 
Council  appointed  the  Honorary  Secretary  to  represent  the  Asso- 
ciation. 

This  joint  committee  has  met  on  several  occasions,  and  has  been 
presided  over  by  your  representative.  A  scheme  has  been  pro- 
pounded and  laid  before  the  Local  Government  Board  for  approval. 

The  Boyal  Commission  on  the  Unification  of  London. 

In  response  to  a  request  received  from  the  Boyal  Commission  on 
the  Unification  of  London,  your  Council  deputed  Mr.  Lewis  Angell, 
of  West  Ham,  Mr.  Weaver,  of  Kensington,  and  Mr.  Wheeler,  of 
Westminster,  to  tender  evidence  on  behalf  of  this  Association. 
Accordingly,  these  gentlemen  were  examined  and  tendered  their 
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evidence  upon  various  points  in  the  administration  of  their  respec- 
tive districts  at  the  Meeting  of  the  Eoyal  Commission  held  on  the 
17th  of  March. 

Conclusion. 

Various  other  matters  of  importance  have  arisen  during  the  past 
year  and  have  received  the  careful  attention  of  the  Council.  Some 
of  these  matters  are  still  under  consideration,  and  upon  their  com- 
pletion will  be  referred  to  in  future  reports. 

It  remains  only  for  the  Council  to  congratulate  the  Members  as 
a  body  upon  the  satisfactory  work  of  the  past  twelve  months. 
Judging  from  the  fact  of  its  advance  to  the  present  position  it  holds 
on  the  occasion  of  the  attainment  of  its  majority,  it  may  be  con- 
fidently stated  that  the  Association  has  fully  justified  its  existence, 
proved  its  importance  and  utility  to  its  Members,  and  that  with  a 
continued  interest  and  zealous  endeavour  of  all  concerned,  its  future 
success  i$  assured. 

Chas.  Jones,  Hon.  See. 
Thomas  Cole,  Secretary. 

The  Keport  was  unanimously  adopted. 

The  President  then  presented  the  premiums  in  books,  the  first 
to  Mr.  Hodson,  of  Loughborough,  and  the  second  to  Mr.  J.  S. 
Pickering,  of  Lewes. 

The  following  resolution  was  proposed  by  Mr.  C.  F.  Wike,  of 
Sheffield,  seconded  by  Mr.  W.  H.  White,  of  Oxford,  and  carried  : — 
"  That  as  the  question  of  combined  drainage  has  become  a  matter 
of  such  great  importance  to  all  Local  Authorities,  it  should  be 
referred  to  the  Council  of  the  Association  for  their  immediate 
consideration." 

Mr.  Eayrs  then  introduced  his  successor,  and  vacated  the  chair 
in  favour  of  Mr.  A.  M.  Fowler, 

A  vote  of  thanks  to  the  retiring  President  was  proposed  by 
Mr.  Lewis  Angell,  seconded  by  Mr.  Lobley  and  carried.  Mr.  Eayrs 
having  replied, 

Mr.  Fowler  read  his  inaugural  address,*  a  vote  of  thanks  for 
which  was  proposed  by  Mr.  Ellice  Clark,  seconded  by  Mr.  Brooke 
and  carried. 

*  This  address,  and  the  papers  read  at  the  Meeting,  will  be  found  at  the  end 
of  this  volume. 
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It  having  been  moved  and  seconded,  it  was  agreed  that  the  various 
District  Secretaries  continue  in  office  till  the  next  meeting  in  their 
respective  districts. 

Messrs.  J.  Parker  (Hereford)  and  R.  J.  Thomas  (Buckingham- 
shire) were  appointed  Auditors  for  the  ensuing  year. 

Messrs.  J.  C.  Eadford  (Putney),  E.  J.  Silcock  (King's  Lynn), 
and  J.  S.  Pickering  (Nuneaton)  were  appointed  Scrutineers  for  the 
ensuing  year. 

The  following  papers  were  read  and  discussed : — 

"  Arrangements  for  Sterilising  Cholera  Dejecta,  &c,  adopted  at 
Newcastle-on-Tyne."  By  W.  Gk  Lav/s.  "  On  some  Experiments 
with  Model  Wheels  and  Boad  Coatings."  By  Thomas  Codrington. 
"  The  Development  of  Sanitation  in  America."  By  Lieut.-Col. 
A.  S.  Jones.  "  Irish  County  Surveyorships  and  the  Grand  Jury 
System  of  Ireland."  By  B.  B.  Sanders.  "  Maintenance  of  Main 
Boads  in  Urban  Districts."  By  J.  E.  Swindlehurst.  "The 
Bradford  Corporation  Electricity  Supply,  with  the  Results  of  Four 
Years'  Working."  By  J.  N.  Shoolbred.  "  Electric  Street  Trams." 
By  B.  Hammond. 

Votes  of  thanks  were  accorded  to  the  President  and  Council  of 
the  Institution  of  Civil  Engineers  for  the  use  of  the  rooms  of  the 
Institution  for  the  purposes  of  the  meeting,  and  to  the  authors  of 
the  papers  for  their  contributions. 
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DISTRICT  MEETING  AT  WESTMINSTER 


July  31,  1893. 

Held  at  the  Town  Hall,  Westminster. 
J.  T.  Eayrs,  President,  in  the  Chair. 

The  proceedings  commenced  with  a  special  meeting  to  formally 
confirm  the  resolution,  "That  the  Articles  of  Association  be 
amended  by  inserting  in  Article  25  the  words,  '  Fifteen  Ordinary 
Members,'  in  lieu  of  '  Twelve  Ordinary  Members,' "  which  was 
passed  at  the  Annual  Meeting  at  West  Bromwich.  After  waiting 
for  some  time,  however,  the  President  announced  that  there  was 
not  the  necessary  quorum  of  thirty  Members,  and  the  proposed 
alteration  could  not  therefore  be  effected.  The  Members  then 
proceeded  to  visit  the  various  works  included  in  the  day's  pro- 
gramme, the  first  being  those  of 

1.  The  Westminster  Electric  Supply  Corporation. 

The  Westminster  Electric  Supply  Corporation  is  a  company 
possessing  Parliamentary  powers  for  lighting  the  whole  of  the 
parishes  of  St.  Margaret  and  St.  John,  Westminster,  and  the 
parish  of  St.  George,  Hanover  Square,  which  covers  Pimlico, 
Belgravia  and  Mayfair.  Its  work  is  carried  out  on  a  three-wire 
system,  the  current  being  fed  into  the  distributing  mains 
by  special  trunk  feeding  lines,  radiating  from  each  station,  at 
a  pressure  of  200  volts.  The  distributing  mains  are  all  in  parallel, 
and  are  arranged  so  as  to  supply  consumers  at  100  volts  in  the  usual 
manner.  The  corporation  supplies  its  district  from  three  stations 
— one  in  Millbank-street,  S.W.,  on  the  river  (which  serves  the 
Houses  of  Parliament  and  the  greater  part  of  the  Westminster 
district),  and  a  second  in  Eccleston-place,  Eccleston-street  (which 
supplies  Buckingham  Palace,  Belgravia  and  parts  of  Pimlico). 
Both  of  these  were  inspected  by  the  Members.  The  third 
station  is  in  Davies-street,  close  to  Oxford-street,  and  serves 
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the  May  fair  district  between  Oxford-street  and  Piccadilly.  The 
Millbank-street  station  was  started  on  November  11,  1890,  that  at 
Eccleston-place  on  February  22,  1891,  and  the  Davies-street 
station  on  March  24,  1891.  It  was  found  convenient  to  start  all 
three  stations  upon  an  ordinary  two-wire  system,  feeding  direct 
into  distributing  mains  at  a  pressure  of  1 00  volts.  The  Millbank- 
street  and  Eccleston-place  stations  were  changed  over  to  the  three- 
wire  system  in  the  autumn  and  winter  of  1891,  and  the  Davies- 
street  station  was  changed  over  in  August  of  last  year,  since 
which  the  whole  system  has  been  in  parallel.  The  House  of 
Commons  is  supplied  by  special  plant  entirely  on  the  two-wire 
system ;  with  a  separate  switchboard  at  Millbank-street  and 
entirely  separate  mains.  Where  there  has  been  sufficient  room, 
bare  copper  in  concrete  culverts  has  been  used  for  the  mains ;  but 
in  many  cases  there  was  not  room  for  a  culvert  under  the  pave- 
ment, and  india-rubber  covered  cable  or  callender  cable  was 
employed,  pulled  into  iron  pipes  or  callender  casings  of  bitumen 
concrete.  For  certain  of  the  feeders  or  trunk  mains  Siemens' 
armoured  cable  has  been  used.  The  following  table,  extracted 
from  the  company's  balance-sheet,  shows  the  work  done  at  the 
three  stations  during  1892  : — 

Board  of  Trade  units  generated    1 , 477 , 131 

Quantity  utilised : — 

Sold  to  consumers   1 , 217 , 871 

Used  on  works  for  lighting,  meter- 
testing,  &c   45,695 

1,263,566 

Quantity  expended  in  distribution : — 

In  batteries   20,810 

In  feeders    146,065 

  166,875 

Total  quantity  accounted  for   1,430,441 

Quantity  unaccounted  for   46 , 690 

No.  of  lamps  on  circuit,  December  31,  1892    ..    98,686  of  8  c.p. 

The  total  number  of  units  sold  during  the  first  quarter  of  the 
present  year  was  522,260,  as  compared  with  335,000  during 
the  corresponding  period  of  last  year.  The  coal  consumption 
for  the  first  quarter  of  this  year  has  been  1635  tons  which 
amounts  to  7' 02  lb.  per  unit  actually  sold  to  consumers.  The 
engineer-in  chief  to  the  corporation  is  Professor  Alexander  B.  W. 
Kennedy,  F.K.S,  MICE. 
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(a)  MlLLBANK-STREET  STATION. 

This  station  contains  five  Babcock  &  Wilcox  boilers,  with  10- 
feet*  tubes,  each  capable  of  evaporating  5000  lbs.  of  water  per 
hour.  A  Green's  economiser  is  used  for  heating  the  feed- water  in 
the  usual  manner.  The  coal  bunkers  are  placed  at  present  opposite 
the  boilers ;  but  the  station  is  so  arranged  that  the  place  of  the 
bunkers  will  be  eventually  taken  by  other  boilers,  a  coal  store 
being  provided  overhead.  The  boilers  are  connected  through  a 
double  range  of  steam  pipes  with  a  ring  main  round  the  engine- 
room.  Any  boiler  can  supply  either  range  of  pipes,  and  any 
engine  can  be  supplied  with  steam  either  way  round  the  engine- 
room.  On  the  north  side  of  the  engine-room  are  four  Goolden 
dynamos,  driven  by  Willans  "  G.  G."  engines  of  80  indicated 
horse-power.  Two  of  these  dynamos  are  set  apart  for  the  Houses 
of  Parliament  circuit ;  the  other  two  are  the  balancing  machines 
for  the  three-wire  system  on  the  general  mains.  On  the  other 
side  of  the  engine-room  are  two  Edison-Hopkinson  dynamos, 
driven  by  Willans  engines  of  200  indicated  horse-power,  and  two 
Goolden  dynamos,  driven  in  the  same  way.  All  the  machines  are 
simple  shunt  wound.  Each  of  the  large  dynamos  has  a  nominal 
output  of  500  amperes,  at  225  volts,  and  is  capable  of  easily 
working  above  this  load  when  required.  The  smaller  machines 
have  an  output  of  430  amperes  at  130  volts.  The  condenser 
and  air-pump  stand  in  the  space  below  the  staircase  tower,  the 
circulating  pump  and  engine  being  at  the  river  side.  The  switch- 
board at  the  east  end  of  the  engine-room  is  used  exclusively  for 
the  Houses  of  Parliament  circuit.  The  larger  switchboard  at  the 
west  end  of  the  engine-room  is  used  for  the  general  circuit  on  the 
three- wire  system.  Above  the  engine-room  is  the  battery-room. 
One  battery  of  fifty-six  500  ampere-hour,  Crompton-Howell  cells 
is  used  exclusively  for  the  Houses  of  Parliament,  two  other 
similar  batteries  being  installed  for  the  general  system  of  mains. 
The  three-wire  system  is  worked  with  the  double  battery  in 
parallel  with  the  high- volt  dynamos,  the  middle  wire  coming  back 
to  the  centre  of  the  battery  only,  and  not  being  connected  to  the 
dynamos.  The  two  small  dynamos  (balancing  machines)  are  used 
one  at  a  time  on  either  side  of  the  system  for  charging  batteries 
separately,  or  for  balancing  the  load  if  it  be  notably  more  on  one 
side  than  on  the  other.    The  switchboards  and  their  connections 
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were  made  by  Messrs.  Crompton  &  Co.,  of  Chelmsford.  The  total 
number  of  units  generated  at  this  station  during  1892  was  about 
375,000.  Its  largest  weekly  output  during  the  year  was  11,540 
units,  but  in  February  of  this  year  its  output  reached  16,130  units 
in  one  week.  The  resident  engineer  at  this  station  is  Mr.  Frank 
Newington. 

(b)  ECCLESTON-PLACE  STATION. 

The  boiler  house  here  contains  three  Davey-Paxman  "  Eco- 
nomic "  boilers  and  one  boiler  of  similar  type  by  Messrs.  Fraser 
&  Fraser,  of  Bow.  Each  of  the  four  is  capable  of  evaporating 
5500  lbs.  of  water  per  hour.  Green's  economisers  are  used  here 
as  at  Millbank-street.  The  system  of  steam  pipes  is  the  same  in 
principle  as  that  used  at  Millbank-street,  but  has  not  yet  been  so 
completely  carried  out.  In  the  engine-room  are  two  Siemens 
dynamos,  with  80  horse-power  Willans  engines,  used  as  balancing 
machines.  The  machines  next  to  them  are  Crompton's  dynamos 
of  250  amperes  at  230  volts,  driven  by  100  horse-power  Davey- 
Paxman  marine-type  engines.  The  speed  of  these  two  machines 
is  175  revolutions  per  minute,  which  is  about  one-half  that  of  the 
two  larger  machines  at  the  east  end  of  the  engine-room,  which 
are  capable  of  furnishing  500  amperes  at  225  volts,  and  are 
driven  by  Willans  200  horse-power  engines  at  355  revolutions  per 
minute.  These  dynamos  were  also  made  by  Messrs.  Crompton  & 
Co.  A  third  200  horse-power  steam  dynamo  is  now  being  added 
to  this  station.  The  space  beside  the  engine  block  at  the  east  end 
of  the  station  is  occupied  by  a  surface  condenser  and  condensing 
plant.  The  condenser  and  air-pumping  engine  were  made  by  the 
Central  Marine  Engine  Works,  of  West  Hartlepool,  and  are  of  the 
marine  type.  The  battery-room  is  over  the  boiler-house.  It 
contains  two  batteries,  each  of  fifty- six  500  ampere-hour  Cromp- 
ton-Howell  cells.  One  battery  is  placed  on  each  side  of  the 
system,  the  middle  wire  being  connected  between  the  batteries  as 
already  mentioned.  It  will  be  noticed  that  only  half  the  site  is  built 
over  at  Eccleston-place  station,  enough  ground  being  left  behind 
the  present  buildings  to  more  than  double  their  dimensions.  The 
output  at  this  station  for  the  last  year  was  411,000  units.  Its 
largest  output  was  in  the  week  before  Christmas,  when  it 
amounted  to  17,030  units.  The  resident  engineer  is  Mr.  C.  O. 
Grimshaw. 
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2.  London  Hydraulic  Power  Company's  Pumping  Station. 

This  company's  station  in  Millbank-street  was  also  visited  by 
the  Members,  Mr.  C.  Woodall,  one  of  the  engineers  and  general 
managers  to  the  company,  giving  an  interesting  description  of 
the  system.  The  company  was  established  about  nine  years 
ago  for  the  purpose  of  supplying  a  cheap  and  efficient  motive 
power  suitable  to  the  requirements  of  London.  They  first  started 
the  Falcon  Wharf  station,  at  Blackfriars,  where  they  had  four  sets 
of  200  horse-power  engines.  Before  this  station  was  at  work  they 
commenced  building  the  Westminster  station,  and  then  directed 
their  energies  to  Wapping,  where  they  now  had  six  sets  of  engines 
of  similar  power.  They  were  at  present  building  a  smaller  station 
in  the  City-road.  The  three  engines  at  Millbank-street  are  com- 
pound, of  the  inverted  type,  fitted  with  surface  condensers.  The 
centre  (high  pressure)  cylinder  is  19  inches  in  diameter,  and  the 
two  outer  cylinders  (low  pressure)  are  25  inches  in  diameter. 
Each  piston-rod  is  connected  directly  to  a  single-acting  plunger- 
pump,  5  inches  in  diameter,  two  feet  stroke.  The  delivery  from 
these  pumps  is  very  steady,  the  engine  cranks  being  arranged  at 
angles  of  120°.  The  air,  feed  and  circulating  pumps  placed 
behind  the  condensers  are  worked  through  a  rocking  lever  from 
the  high-pressure  crosshead.  The  accumulator,  18  inches  in 
diameter,  with  a  20  feet  stroke,  is  loaded  with  slag,  giving  a 
minimum  pressure  in  the  mains  of  750  lbs.  per  square  inch. 
Steam  at  a  pressure  of  100  lbs.  per  square  inch  is  provided  from 
three  steel  Lancashire  boilers,  7  feet  6  inches  in  diameter,  30  feet 
long,  fired  by  Vicar's  mechanical  stokers,  the  feed-water  passing 
through  a  Greens  economiser  of  120  pipes  on  its  way  to  the 
boilers.  The  stoker  gear  and  the  scrapers  of  the  economiser  are 
driven  by  a  Brotherhood  hydraulic  engine,  fixed  to  the  boiler 
house  wall.  The  water  required  for  the  supply  of  the  station  is 
raised  by  pumps  worked  by  hydraulic  pressure  from  the  surface  of 
the  London  clay  into  a  tank  covering  the  engine-house,  falling  into 
the  tank  in  a  series  of  cascades,  and  thus  being  thoroughly  agitated 
in  contact  with  the  air.  The  effect  of  this  aeration  is  to  cause  the 
water,  which  when  first  raised  is  bright  and  clear,  to  become 
turbid.  Settlement  in  the  tank  removes  a  quantity  of  iron  oxide, 
and  the  clarification  of  the  water  is  completed  by  the  Porter- 
Clarke  process.    The  water  from  the  upper  tank  flows  slowly 


14 


DISTRICT  MEETING  AT  WESTMINSTER. 


through  a  large  cylindrical  softening  vessel,  in  which  it  is  mixed 
with  a  suitable  proportion  of  lime-water,  steadily  added  by  a  small 
pump,  which,  with  the  stirrers  in  the  lime-mixing  tank  and 
softening  vessel,  is  driven  by  the  same  engine  as  the  stoker  gear. 
The  lime  and  precipitated  impurities  are  removed  by  jute  cloths 
contained  in  the  five  filter  presses  placed  in  a  gallery  in  the  engine 
house.  After  passing  from  these  through  filter-beds  of  animal 
charcoal  at  one  end  of  the  tank  over  the  boiler  house,  the  water  is 
ready  for  delivery  into  the  mains,  having  been  softened  to  the 
extent  of  about  6°  on  Clarke's  scale,  besides  being  freed  from 
mechanical  impurities.  The  various  pipes  about  the  station  are 
duplicated,  and  every  precaution  has  been  adopted  to  ensure 
continuous  working.  The  purpose  to  which  the  hydraulic  power 
is  applied  is  almost  exclusively  lifting  and  pressing.  For  forty 
years  past,  at  the  docks  and  railway  goods  stations,  high-pressure 
hydraulic  lifting  machinery  has  been  generally  employed,  and  also 
in  many  large  wharves,  warehouses  and  hotels.  The  pressure  the 
company  serve  to  their  customers  is  guaranteed  at  700  lbs.  per 
square  inch  and  this  is  available  day  and  night  all  the  year  round  * 
In  Manchester  and  Glasgow  similar  services  are  being  introduced. 
The  pressure  in  Manchester  is  1100  lbs.,  and  in  Glasgow  will 
probably  be  1000  lbs.  per  square  inch.  In  Liverpool  it  is  800  lbs. 
The  demand  is  more  than  equal  to  the  company's  expectations, 
and  the  increase  of  their  operations  has  been  very  rapid.  In 
London  they  have  now  about  70  miles  of  mains,  embracing  nearly 
the  whole  of  the  City,  Westminster  and  Southwark.  The  cost  of 
the  system  was  enormously  heavy,  on  account  of  the  way  in  which 
the  roads  are  at  present  made  and  paved.  It  was  so  large  that  it 
was  hoped  some  system  of  subways  would  soon  be  introduced. 
The  company  aimed  specially  at  having  a  separate  circuit  to  each 
consumer. 


3.  The  Western  Low7-level  Pumping  Station  of  the 
London  County  Council. 


Mr.  W.  Santo  Crimp,  who  had  made  the  necessary  arrange- 
ments for  this  inspection,  explained  that  the  western  pumping 
station  was  constructed  for  the  purpose  of  draining  what  is  known 
as  the  "  Western  District,"  comprising  an  area  of  14^  square  miles, 
and  containing  a  population  which  is  rapidly  increasing,  amounting 
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at  the  present  time  to  about  600,000  persons.  There  are  four 
single-acting  beam  pumping-engines,  each  of  90  horse-power,  and 
these  are  capable  of  lifting  6000  cubic  feet  per  minute,  or  equal  to 
54,000,000  gallons  per  day.  There  is,  in  addition,  a  supple- 
mentary engine  of  120  horse-power  for  use  during  periods  of 
heavy  rainfall.  The  present  dry  weather  sewage  flow  is  about 
20,000,000  gallons  per  day,  and  this,  together  with  the  storm- 
water,  costs  about  6300Z.  per  annum  to  pump. 

The  Members  partook  of  luncheon  at  the  works  of  the  London 
Hydraulic  Power  Company.  At  the  conclusion  of  each  visit  the 
thanks  of  the  Members  were  given  to  those  who  had  so  kindly 
opened  their  works  for  inspection,  and  to  the  London  County 
Council  for  permitting  an  inspection  of  the  Low-level  Pumping 
Station. 


DISTKICT  MEETING  AT  LEICESTER. 


September  29  and  30,  1893. 

Held  at  the  Museum  Lecture  Hall,  Leicester  y  by  hind  permission, 
J.  T.  Eayrs,  President,  in  the  Chair. 
 — +«-  

Mr.  Councillor  J.  T.  Biggs  received  and  welcomed  the  Members 
to  Leicester.  He  referred  to  the  extensive  engineering  works  that 
had  been  carried  out,  and  to  the  decrease  in  the  death  rate.  Mr. 
Councillor  Wakerley  also  spoke  of  the  many  relics  of  historic 
interest,  and  trusted  the  meeting  might  be  both  pleasant  and 
instructive.  The  President,  on  behalf  of  the  Association,  tendered 
sincere  thanks  for  the  welcome  offered. 

On  the  motion  of  Mr.  Lobley,  seconded  by  Mr.  Fiddian,  Mr.  A. 
T.  Davis  was  unanimously  re-elected  Honorary  Secretary  of  the 
Midland  Counties  District. 

The  Members  then  drove  to  the  Pumping  Station,  where  luncheon 
was  provided  in  the  overflow  chamber  of  the  storm  outfall  works, 
after  which  the  following  paper  was  read  and  discussed. 

THE  MAIN  SEWERAGE,  STORM  OUTFALL 
AND  SEWAGE  DISPOSAL  WORKS  OF 
LEICESTER. 

By  E.  G.  MAWBEY,  Assoc.  M.Inst.  C.E.,  Borough 
Engineer  and  Surveyor. 

Main  Sewerage. 

The  new  main  sewerage  of  Leicester  was  designed  by  the  author's 
eminent  predecessor,  the  late  Mr.  Joseph  Gordon,  M.  Inst.  C.E., 
Past  President  of  our  Association,  and  nearly  one-third  of  this  work 
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was  executed  under  his  personal  direction.  It  is  very  gratifying  to 
the  author  to  have  had  the  honour  of  succeeding  that  gentleman, 
and  the  opportunity  during  the  last  four  years  of  carrying  out 
most  of  the  remainder  of  these  and  additional  sewerage  works,  and 
the  preparation  of  the  working  drawings,  specifications  and  quan- 
tities for  several  of  the  largest  contracts  in  which  Mr.  Gordon's 
scheme  has  been  adhered  to. 

The  population  of  this  very  prosperous  town  is  now  about 
185,000,  and  the  rateable  value  about  656,000Z.  The  borough 
was  extended  in  1891  from  an  area  of  3030  to  8534  acres,  for 
which  the  author  acted  as  the  engineer. 

The  chief  feature  of  this  sewerage  scheme  is  that  the  town  is 
divided  into  high  level,  middle  level  and  low  level  zones,  viz.  : — 
five  high  and  middle  and  low  level  on  the  eastern  side,  and  two 
high  level  and  one  low  level  on  the  western  side  of  the  river,  which 
are  laid  out  upon  such  lines  and  levels  that  in  times  of  heavy  rain- 
fall, each  district  or  zone  as  far  as  practicable  deals  with  its  own 
excess  of  storm  water,  instead  of  the  higher  districts  deluging  the 
lower  ones  and  flooding  the  cellars.  The  main  trunk  sewer  in  each 
zone  was  designed  of  a  capacity  sufficient  to  carry  to  its  own  local 
outlet  a  volume  equal  to  a  rainfall  varying  from  ^  to  J  inch  per 
hour  from  the  estimated  ultimate  contributing  drainage  area.  The 
main  outfall  trunk  sewers  of  the  low  level  zones,  into  which  the 
high  and  middle  levels  discharge,  whilst  being  of  sufficient  capacity 
to  carry  off  a  volume  equal  to  \  inch  of  rainfall  an  hour  from  their 
own  drainage  area,  will  discharge  a  quantity  equal  to  the  whole  of 
a  rainfall  of  2  inches  in  24  hours  from  the  actual  built  area  in 
1886  when  the  scheme  was  designed. 

In  connection  with  the  main  sewerage  Mr.  Gordon  also  pre- 
pared a  scheme  for  storm  outfall  culverts  with  free  outfalls  into  the 
river  at  distant  points,  commencing  from  the  storm  overflow 
chambers  on  the  low  level  main  trunk  sewers  before  reaching  the 
pumping  station,  which  were  to  have  been  capable  of  discharging 
the  before  mentioned  volume  of  2  inches  in  24  hours  from  the  built 
area  at  that  time.  This  scheme  was  not,  however,  sanctioned  by 
the  Local  Government  Board.  The  object  of  these  outfall  culverts 
was  to  minimise  the  action  of  the  local  storm  overflows  within  the 
borough ;  the  local  overflows  being  intended  to  act  only  when  the 
rate  oi  flow  in  the  sewers  exceeds  the  above  mentioned  volume. 
Mr.  Gordon,  from  experiments  he  made,  concluded  that  only  in 
exceptional  districts  in  the  centre  of  the  town,  would  more  than  50 

c 


18 


MAIN  SEWERAGE,  ETC.,  OF  LEICESTER. 


per  cent,  of  the  falling  rain  be  required  to  be  carried  off  by  the 
sewers  during  the  continuance  of  the  rain  in  showers  of  short  dura- 
tion, and  that  therefore  his  provision  for  2  inches  in  24  hours  or 
-^2  inch  per  hour,  really  was  equivalent  to  ^  inch  per  hour  from 
the  built  area  to  be  carried  to  the  free  outfall  below  Leicester,  or 
to  dealing  in  this  way  with  a  rainfall  of  2  inches  in  24  hours  from 
double  the  built  area  of  1886,  and  that  the  provision  for  a  \  inch 
per  hour  for  the  local  storm  outfalls  was  sufficient  for  nearly 
\  inch  per  hour.  At  the  local  storm  overflow  chamber  for  each 
district,  a  penstock  is  fixed  which  is  adjusted  so  as  to  admit  for- 
ward to  the  low  level  sewers  the  ordinary  sewage  and  storm  water, 
equal  to  a  rainfall  of  2  inches  in  24  hours.  When  this  is  exceeded 
the  surplus  flows  over  a  weir  into  the  culvert  leading  to  the  canal 
or  river.  In  arriving  at  these  conclusions,  to  avoid  complications, 
Mr.  Gordon  did  not  take  into  account  the  normal  sewage  flow,  as 
he  found  that  the  discharging  power  available  for  rainfall  would  be 
reduced  only  by  \  inch  per  day. 

The  lines  and  directions  of  the  new  sewers  follow  as  far  as 
practicable  those  of  the  old  main  sewers,  but  of  course  at  such 
different  levels  and  gradients  as  were  required  to  obtain  the  neces- 
sary storm  overflows  for  each  district.  The  main  trunk  sewer  for 
the  eastern  side  is  T  3"  x  6'  3"  with  a  gradient  of  1  in  1500,  and 
that  for  the  western  side  5'  3"  x  3'  6"  with  a  gradient  of  1  in  1400, 
the  others  varying  in  size  from  6'  9"  x  4'  6"  to  3'  0"  x  2'  0".  In  all 
cases  the  old  sewers  have  been  abolished.  "Where  they  were  below 
the  new  ones  a  good  foundation  was  secured  by  filling  up  entirely 
with  Portland  cement  concrete  to  the  under  side  of  the  new  sewer. 
In  addition  to  the  great  sanitary  advantages  of  getting  rid  of  the 
abominable  ground  pollution  caused  by  the  badly  constructed  old 
sewers,  their  removal  ensured  the  interception  of  all  the  private 
drains. 

Mr.  Gordon  calculated  that  the  T  3"  x  6'  3"  main  trunk  sewer 
would  have  a  velocity  of  3  feet  per  second  during  the  maximum  dry 
weather  flow  and  2  *9  feet  per  second  when  running  one-third 
full.  The  whole  of  the  brick  sewers  are  built  with  Portland 
cement  mortar,  in  the  proportion  of  1  of  cement  to  3  of  sand. 
The  7'  3"  x  6'  3"  and  the  6'  9"  x  4'  6"  have  three  4^-inch  rings 
of  brickwork,  and  the  remainder  have  two  4^-inch  rings.  All 
the  sewers  have  blue  brick  inverts,  varying  from  one-fourth  to 
one- third  of  the  perimeters  thereof,  radiated  bricks  being  used 
wherever  necessary,  and  all  angles  are  bull-nosed.    In  all  cases 
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where  it  has  been  found  necessary  to  alter  the  old  connecting 
branch  sewers,  they  have  been  replaced  by  Hassall's  patent  jointed 
pipes — in  fact,  all  new  pipe  sewers  in  Leicester  are  now  being  laid 
with  these.  In  all  cases  it  has  been  found  absolutely  necessary  to 
lay  subsoil  pipes  under  the  inverts  of  the  new  sewers,  not  only  to 
deal  with  the  subsoil  water,  but  also  to  carry  past  the  works  the 
normal  flow  of  sewage  until  the  brickwork  was  complete  and  the 
private  drains  connected  with  the  new  sewer.  As  each  length  of 
old  sewer  was  taken  up,  the  private  drains  were  temporarily  con- 
nected with  the  subsoil  pipe,  which  kept  the  brickwork  free  from 
sewage  during  construction. 

Excepting  where  possible  to  deliver  by  gravitation  into  a  lower 
sewer,  the  sewage  and  subsoil  water  were  conveyed  to  sumps,  and 
pumped  into  the  completed  part  of  the  sewer,  the  work  in  progress 
being  protected  by  a  head  wall  across  the  sewer,  in  which  was 
placed  a  penstock,  which,  in  case  of  storms,  was  opened  to  carry  off 
the  increased  flow  when  the  works  were  flooded. 

The  principal  main  sewers  are  flushed  by  means  of  gates,  two- 
thirds  the  height  of  the  sewer,  placed  from  250  to  300  yards  apart, 
the  action  being  to  dam  up  the  sewage  to  the  springing  level  of 
the  sewer,  and  then  to  let  the  sewage  off  suddenly  by  releasing  a 
cam-rod  fixed  in  a  side  chamber. 

In  consequence  of  the  great  outcry  against  open  surface  venti- 
lators during  the  latter  period  of  Mr.  Gordon's  time  in  Leicester, 
the  Sanitary  Committee  caused  a  great  number  of  these  ventilators, 
which  had  been  extensively  put  in,  to  be  closed  up.  This  was 
done  wherever  a  well-grounded  complaint  was  made,  but  they  were 
generally  substituted  by  a  pipe  ventilator  on  some  adjacent  pro- 
perty. When  the  author  took  charge  of  the  new  works,  he  found 
that  Mr.  Gordon  had  been  compelled  to  use  close  covers  in  the 
new  sewers.  The  author  has  been  instructed  by  the  Highway  and 
Sewerage  and  the  Sanitary  Committees  to  consider  the  whole 
question  and  to  advise  some  means  of  remedying  the  present  un- 
satisfactory condition  of  things. 

By  the  substitution  of  new  for  old  leaky  main  sewers  the  dry 
weather  flow  has  already  been  reduced  from  9  million  gallons  to 
less  than  6^  million  gallons  per  day,  and  will  be  further  reduced 
when  the  western  main,  now  in  progress,  is  completed,  which 
reduction  was  fully  contemplated  by  the  late  Mr.  Gordon. 

The  present  built  area  is  about  1925  acres,  portions  of  which  at 
present  drain  to  the  Belgrave  and  Knighton  sewage  farms  within 
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the  borough,  and  not  into  the  main  system.  The  length  of  new 
sewers  in  this  scheme  is  about  1 0  miles,  and  the  cost,  when  com- 
pleted, will  be  about  105,000?. 

The  author  has  annexed  as  an  appendix,  a  schedule  of  prices 
giving  the  cost  per  lineal  yard  of  the  main  sewers,  at  the  prices  at 
which  the  most  recent  contracts  were  let.  Although  the  original 
scheme  has  not  been  departed  from,  the  ultimate  cost  will  be  con- 
siderably greater  than  the  original  estimate  in  1886,  for  which  an 
additional  loan  has  already  been  sanctioned  ;  but  it  is  only  right  to 
say  that  this  is  almost  entirely  due  to  the  extraordinary  rise  in 
prices.  The  first  contract  compared  very  favourably  with 
Mr.  Gordon's  estimate.  The  aggregate  amount  of  the  final 
accounts  of  all  the  contracts  up  to  the  present  time  is,  however, 
less  than  the  aggregate  amount  of  all  the  accepted  tenders. 

For  some  years  past,  in  the  construction  of  new  streets,  the 
laying  of  a  separate  sewer  for  surface  water  has  been  enforced  by 
the  Corporation  with  a  view  of  adopting  the  separate  system 
throughout  at  some  future  time,  but  no  very  extensive  complete 
system  of  storm  sewers  in  the  old  streets  has  been  carried  out  at 
present.  In  the  Highfields  district,  over  an  area  of  about  85  acres, 
Mr.  Gordon  carried  out  a  complete  duplicate  system  of  sewers,  and 
by  observations  thereof  he  concluded  that  only  about  35  to  40  per 
cent,  of  the  rainfall  could  be  kept  out  of  the  foul  sewers.  The 
house  drains  were  not  duplicated,  excepting  that  in  a  few  cases 
the  water  from  the  front  roofs  was  taken  to  the  storm  water 
sewers. 

The  sum  of  13,400Z.  has  been  recently  sanctioned  by  the  Local 
Government  Board  for  additional  sewerage,  designed  by  the  author 
for  the  added  areas  of  Knighton  and  Belgrave,  and  much  more 
sewerage  requires  to  be  done  in  different  parts  of  the  old  and  new 
areas.  The  Knighton  portion  of  the  scheme,  consisting  of  nearly 
4  miles  of  pipe  sewers,  with  HassaU's  patent  joints,  and  about 
J  mile  of  brick  sewers,  is  just  now  completed  at  a  cost  of  about 
8000Z. 

The  contractors  for  the  main  sewerage  have  been: — Messrs. 
James  Dickson,  St.  Albans ;  Frank  Eyre,  Sheffield ;  S.  &  E.  Bentley, 
Leicester;  John  Band,  Peterboro' ;  James  Mason,  Leicester; 
Thomas  Smart,  Nottingham ;  E.  Tempest,  Keighley. 
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Storm  Outfall  Culverts. 

The  lowest  summer  level  of  the  river  Soar  at  Leicester  being 
about  8  feet  above  the  highest  invert  level  at  which  the  new  main 
trunk  sewer  at  the  pumping  station  could  be  fixed  to  effectually 
drain  the  extensive  low-lying  parts  of  the  town,  it  was  obviously 
necessary  to  provide  adequate  means  of  relieving  the  sewers  in 
times  of  heavy  rainfall.  This  was  one  of  the  chief  difficulties 
which  had  to  be  grappled  with,  for  hitherto  the  effect  of  heavy 
rain  has  always  been  to  backwater  the  sewers  over  a  somewhat 
considerable  area  of  the  town,  causing  serious  cellar  flooding, 
pollution  of  the  soil,  and  the  forcing  out  of  foul  air  in  densely 
populated  districts. 

It  has  for  many  years  past  been  generally  admitted  that  the 
best  remedy  was  to  convey  a  great  proportion  of  the  storm  waters 
to  some  point  in  the  lower  reaches  of  the  river  where  a  free  outfall 
could  be  obtained.  The  late  Mr.  E.  L.  Stephens  recommended 
this  when  he  was  the  Borough  Surveyor,  and  as  before  mentioned, 
the  late  Mr.  Gordon  prepared  a  scheme  for  this  purpose  with  a 
storm  outfall  culvert  on  each  side  of  the  river,  but  he  so  arranged 
his  new  main  sewers  in  the  town  that  the  storm  waters  from  them 
could  be  intercepted  at  a  higher  level  than  the  invert  at  the  old 
pumping  station,  which  made  it  practicable  to  obtain  free  outfalls 
at  points  much  nearer  to  the  town  than  had  been  previously 
considered  possible. 

Immediately  after  the  author  was  appointed,  he,  in  compliance 
with  the  instructions  of  the  Highway  and  Sewerage  Committee, 
fully  considered  the  question,  and  prepared  a  scheme,  which 
received  the  unqualified  approval  of  the  Council  and  of  the  Local 
Government  Board. 

Some  of  the  difficulties  to  be  dealt  with,  which  have  been 
overcome,  were 

1.  To  provide  an  outfall  away  from  populated  places  and  at 
once  satisfactory  for  all  times. 

2.  To  avoid  syphons  under  the  river. 

3.  The  avoidance  of  constructing  the  culverts  in  embankments, 
along  and  across  the  flood  areas  of  the  river. 

4.  To  have  simply  one  culvert  instead  of  two,  to  meet  the 
suggestions  of  the  Local  Government  Board. 

The  volume  due  to  the  whole  of  a  rainfall  of  2  inches  in 
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24  hours,  which  the  main  sewers  were  designed  to  carry  off  into 
the  storm  outfall  culverts,  proposed  by  Mr.  Gordon,  from  the  actual 
built  area  in  1886  was  63,000,000  gallons,  which  was  determined 
by  him  with  due  regard  to  the  extension  of  the  borough.  The 
author  has  however  considered  it  advisable  to  somewhat  increase 
the  full  discharge  capacity  to  rather  over  69,000,000  gallons  in 
24  hours,  which  is  equal  to  the  whole  of  a  rainfall  of  fully 
1^  inches  in  24  hours  from  all  the  present  built  area  of  the 
extended  borough,  this  being  estimated  at  1925  acres  ;  but  as  only 
about  half  the  rainfall  will  reach  the  sewers  in  the  time  it  falls, 
this  culvert  will  really  suffice  for  a  rainfall  of  1^  inches  on  double 
the  present  built  area. 

A  rainfall  of  1^  inches  and  over  in  24  hours  has  at  Leicester 
only  fallen  about  four  times  during  the  last  9  years,  but  as  rainfalls 
of  short  duration  at  much  greater  rates  than  this  are  of  frequent 
occurrence,  the  culvert  will  doubtless  in  future  be  often  taxed  to 
its  full  capacity.  It  is  provided  in  the  Leicester  Extension  Act, 
1891,  that  this  culvert  shall  only  come  into  action  when  the  rain- 
fall increases  the  volume  to  be  pumped  to  a  quantity  exceeding 
the  rate  of  60  gallons  per  head  per  24  hours  of  the  population 
draining  into  the  sewers.  This  (when  the  work  of  excluding 
subsoil  water  by  the  abolition  of  old  sewers  is  completed)  will  be 
equivalent  to  dealing  with  a  rainfall,  in  addition  to  the  sewage 
proper,  falling  at  the  rate  of  a  quarter  of  an  inch  per  24  hours  on 
the  built  area,  allowing  for  half  to  reach  the  sewers. 

These  works  consist  of  a  supplementary  sewer  6'  9"  x  4'  6",  with 
a  gradient  of  1  in  574  from  Loughborough  Road  to  the  canal, 
with  two  additional  lines  of  5-foot  iron  pipes  laid  under  the  canal 
and  river,  to  convey  the  water  from  the  eastern  side  to  the  new 
storm  overflow  chamber  near  the  pumping  station.  This 
chamber  has  a  permanently  fixed  weir  25  feet  long  to  a  height  of 
5  feet  above  the  invert  of  the  main  sewer,  with  a  movable  arrange- 
ment for  raising  the  overflow  level  to  whatever  additional  height 
may  be  found  necessary ;  and  two  sets  of  screens  will  be  fixed 
across  the  chamber.  A  flow  of  about  7  inches  over  this  weir 
would  provide  for  a  rainfall  of  1^  inches  on  the  present  built  area. 
From  this  chamber  the  storm  culvert  is  7  feet  diameter,  with  a 
gradient  of  1  in  3000  to  the  bell-mouth  chamber,  where  the 
western  storm  culvert  joins  in,  From  this  junction  in  Abbey 
Lane  to  the  outfall,  the  culvert  is  8  feet  in  diameter,  with  a 
gradient  of  1  in  3000  for  a  length  of  about  3£  miles  to  a  point 
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about  |  mile  below  Wanlip  Hall.  The  total  length  of  the  culverts 
is  about  4£  miles.  The  invert  of  the  culvert  a  few  yards  back 
from  the  outfall  is  at  the  normal  level  of  the  river,  but  the  invert 
at  the  outfall  is  run  down  to  5  feet  below  the  water  line.  This 
outfall  is  about  12  feet  6  inches  lower  than  the  level  at  which  the 
sewers  now  get  relief  into  the  river  at  Leicester. 

It  is  only  on  very  rare  occasions  that  the  floods  at  the  outfall 
rise  more  than  2  feet  9  inches  above  this  level.    The  highest 


i 


STORM  WATER  OUTFALL  CULVERT — TYPE  SECTION. 

For  dry  ground  (all  square  bricks). 

flood  on  record  did  not  rise  mor<e  than  3  feet  6  inches  to  4  feet, 
and,  as  a  rule,  the  storm  culvert  will  have  done  its  work  long 
before  the  floods  have  risen  at  all.  In  this  district  the  water  very 
soon  subsides. 

The  present  line  was  selected  so  as  to  be  as  direct  as  possible, 
and  to  bury  the  culvert  below  the  surface  of  the  ground.  For  a 
length  of  about  1214  yards  the  culvert  is  in  tunnel,  at  a  maximum 
depth  of  40  feet  below  the  surface.  The  culvert  in  cut  and  cover 
is  constructed  with  Portland  cement  concrete,  with  a  4J-inch  brick 
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lining  of  the  section  shown  by  the  illustration,  the  minimum  thick- 
ness of  concrete  being  10  inches.  Whenever  the  ground  admitted, 
the  concrete  of  the  lower  half  of  the  culvert  was  semicircular,  but 
in  unstable  and  wet  ground  a  flat  bottom  has  been  put  in.  Care- 
fully selected  well-burnt  red  common  bricks  were  used  for  the 
lining,  built  with  3  to  1  Portland  cement  mortar. 

The  concrete  is  in  the  proportion  of  1  of  Portland  cement  to  6 
parts  of  fine  granite  gravel  or  clean  gravel  from  the  excavations. 


2 
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STORM  WATER  OUTFALL  CULVERT — TYPE  SECTION. 

For  wet  and  unstable  ground. 

The  culvert  in  the  tunnel  is  constructed  with  three  rings  of  brick- 
work built  in  hydraulic  ground  lime  mortar,  in  the  proportion  of 
1  of  lime  to  2  of  sand.  A  line  of  stoneware  socketed  subsoil  pipes 
12  inches  to  15  inches  diameter,  surrounded  with  gravel,  is  laid  the 
entire  length  of  the  culverts.  Ventilating  manholes  are  provided 
at  suitable  points  along  the  whole  line  of  the  culvert. 

Portions  of  the  tunnel  are  on  the  curve.  There  are  also  several 
curves  in  the  cut  and  cover  work.  The  lengths  of  the  radii  vary 
from  a  minimum  of  200  feet  to  a  maximum  of  2000  feet,  and  the 
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lengths  of  the  "curves  vary  from  100  feet  to  685  feet.  The  1214 
yards  of  tunnel  was  divided  into  eight  lengths  by  seven  shafts  at 
average  distances  of  455  feet.  These  shafts  were  15  feet  long  by 
10  feet  4  inches,  and  from  them  headings  were  driven  each  way. 
At  each  shaft  a  steam  pump  was  fixed  into  a  sump,  sunk  below  the 
invert  of  the  culvert,  and  the  work  was  kept  dry  by  the  12-inch 
stoneware  subsoil  pipes. 

A  very  considerable  quantity  of  water  was  met  with  in  the 
open  trench  work,  and  also  in  one  portion  of  the  tunnel.  The 
tunnel  is  for  the  most  part  through  red  and  grey  marl,  but  in  one 
part  for  some  distance  the  gravel  dips  down  nearly  to  the  invert, 
necessitating  leaving  in  the  upper  timbers.  An  ample  number  of 
trial  holes  were  dug  to  the  full  depth  before  the  specifications  and 
quantities  were  prepared. 

The  total  amount  of  the  accepted  tenders  is  71,448/.;  Nos.  1 
and  3  contracts  amounting  to  49,146Z.  2s.  Id.,  and  let  to  Messrs. 
S.  and  E.  Bentley ;  and  No.  2  contract  amounting  to  22,301Z.  17s. 
10d.,  and  let  to  Mr.  T.  Philbrick. 

The  works  were  commenced  in  August  last  year,  and  will  be 
shortly  completed.  Excellent  progress  has  been  made,  and  great 
credit  is  due  to  the  contractors  for  the  very  efficient  and  able 
manner  in  which  the  work  has  been  carried  out. 


Pumping  Station,  Engines  and  Boilers. 

The  sewage  first  passes  through  a  coarse  screen  to  intercept 
large  substances,  then  through  a  double  set  of  fine  screens  ;  thence 
it  flows  into  a  middle  reception  chamber  and  on  through  penstocks 
into  two  separate  pump  wells.  The  sewage  is  forced  from  the 
pumping  station  through  two  33-inch  rising  mains,  for  a  distance 
of  about  a  mile  and  a  half,  into  the  distribution  tanks  at  the 
sewage  farm,  to  a  nett  height  of  about  163-66  feet  above  the 
invert  of  the  outfall  sewer  at  the  pump  wells. 

The  dry  weather  flow  of  sewage  is  now  about  6 \  million  gallons 
per  diem. 

There  are  four  engines  of  the  independent  rotative  compound 
condensing  beam  type.  The  diameter  of  the  high  pressure  cylinder 
is  30  inches,  with  a  stroke  of  5  feet  9£  inches,  and  that  of  the  low 
pressure  cylinder  48  inches,  with  a  stroke  of  8  feet  6  inches.  The 
cylinders  are  steam-jacketed,  that  of  the  high-pressure  cylinder 


26  MAIN  SEWERAGE,  ETC.,  OF  LEICESTER. 

being  fed  with  steam  at  the  boiler  pressure  of  about  80  lbs.  to  the 
square  inch,  and  that  of  the  low-pressure  cylinder  at  the  pressure 
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at  which  it  leaves  the  high-pressure  cylinder.  The  steam  cylinder 
slide  valves  are  of  the  double  piston  type,  the  cut-off  being 
regulated  by  a  hand-gear.    To  each  engine  there  are  two  main 
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pumps  for  the  sewage,  of  the  piston  and  plunger  type,  one  at  each 
end  of  the  beam,  having  a  stroke  of  5  feet  9^  inches,  the  diameter 
of  the  piston  being  27^  inches.     The  suction  and  delivery  valves 
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are  of  the  flap  character,  faced  with  india-rubber,  and  the  hinges 
bushed  with  gun-metal.  They  are  arranged  with  large  water- 
ways to  minimise  the  friction  by  the  sewage  passing  through,  and 

Xelcestet  $orporattoru-^&  UMQNT  LEYS  PUMWQ  STAhOff. 
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to  prevent  mishaps  through  the  lodging  of  extraneous  matter. 
The  two  main  suction  pipes  are  3  feet  in  diameter,  leading  from 
the  pump  well  and  screen  chamber  to  each  pair  of  engines.  A 
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steel  air  vessel  25  feet  9  inches  high  by  5  feet  diameter  is  fixed  to 
each  rising  main.  The  air  pumps  and  condensers  are  of  the  single- 
acting  jet  type.  The  fly-wheels  are  of  cast  iron  21  feet  in  diameter, 
they  weigh  about  21  tons  each.  The  beams  are  formed  of  double 
steel  flitches  2  inches  in  thickness  and  6  feet  in  depth  at  the  centre. 
Each  complete  beam  weighs  about  15  tons. 

There  are  eight  double-flue  Lancashire  steel  boilers,  each 
30  feet  in  length  and  7  feet  in  diameter,  fitted  with  seven  conical 
cross  tubes  in  each  flue,  and  designed  for  a  working  pressure  of 
80  lbs.  to  the  square  inch.  The  feed  water  to  the  boilers  is  supplied 
by  two  double-acting  donkey  pumps. 

Cost  of  Pumping  Station  (exclusive  of  Land). 


Main  buildiDg,  engine  foundations,  coal  store  and  £  s.  d. 

chimney   13,667  0  0 

Engines,  boilers,  &c   25,286  0  0 

Workshops  and  machinery    1,656  0  0 

Manager's  house  . .     . .    739  0  0 

Fence,  walls  and  drainage    700  0  0 

1J  miles  (about)  of  double  line  of  33-inch  rising 

main  to  sewage  farm    12,922  0  0 


£54,970    0  0 

Trials  of  Engines  and  Boilers. 

These  official  trials  were  carried  out  under  the  personal  direction 
of  the  author  in  a  somewhat  exhaustive  and  detailed  manner,  and 
extended  over  eight  days.  Each  of  the  four  engines  was  separately 
tested  twice  to  ascertain  simply  the  actual  net  quantity  of  sewage 
they  would  deliver  per  revolution  and  per  hour  into  the  tanks  at 
the  sewage  farm,  as  measured  by  the  capacity  of  these  tanks.  In 
addition  to  these  tests,  in  order  to  check  the  quantity  of  sewage 
pumped  on  to  the  farm,  it  was  discharged  over  weirs  at  the  farm 
tanks  and  gauged  day  and  night  about  every  ten  minutes  during 
most  of  the  pumping  operations  of  the  trials. 

Nos.  1  and  2  engines  working  together  were  tested  for  12^ 
consecutive  hours.  These  same  engines  and  boilers  were  again 
tested  1 2^  consecutive  hours. 

Nos.  3  and  4  engines  working  together  were  tested  for  24 
consecutive  hours.  In  all  these  tests  three  boilers  were  used  to 
supply  steam  for  two  engines.  Under  the  author's  direction,  and 
the  strictest  supervision,  the  maker's  own  men  acted  as  engine- 
drivers  and  stokers. 

Fuirdetailed  particulars  of  these  engine  and  boiler  trials  are 


30 


MAIN  SEWERAGE,  ETC.,  OF  LEICESTER. 


given  in  the  author's  printed  report  to  the  Highway  and  Sewerage 
Committee  of  this  Corporation,  a  copy  of  which  has,  by  Mr. 
Forrest's  request,  been  deposited  in  the  library  of  the  Institution 
of  Civil  Engineers  ;  and  also  in  a  paper  read  before  the  Society  of 
Engineers  on  March  6,  1893,  from  which  these  particulars  are 
extracted. 

Kesults  of  the  Trials,  &c. 

The  detailed  results  of  these  trials  in  the  main  compared  with 
the  chief  terms  of  the  specification  are  as  follows  : — 

The  specification  required  that  each  engine  when  running  at  a 
uniform  speed  of  twelve  revolutions  per  minute,  should  force  and 
deliver  into  the  distribution  tanks  at  the  Beaumont  Leys  Farm 
the  sewage  at  the  rate  of  200,000  gallons  per  hour.  The  mean 
quantity  of  all  the  eight  separate  tests  of  the  engines  was  at  the  rate 
of  208,480  gallons  per  hour  (or  288*33  gallons  per  revolution)  at 
twelve  revolutions  per  minute,  or  about  4  per  cent,  more  than 
specified.  The  slip  through  the  valves  or  pistons  of  the  pumps  in 
Nos.  1  and  2  engines  was  only  about  1 '  27  per  cent.,  and  in  Nos.  3 
and  4  engines  only  about  0*87  per  cent.,  and  scarcely  any  leakage 
from  the  pump  stuffing  boxes.  The  duty  (measured  by  the  weight 
of  water  actually  pumped  whilst  running  at  a  speed  of  twelve  revo- 
lutions per  minute,  and  with  a  boiler  pressure  of  80  lbs.  per  square 
inch)  was  specified  to  be  not  less  than  100  million  foot-lbs.  per 
112  lbs.  of  coal.  The  trials  were  in  compliance  with  these  terms, 
and  on  the  same  basis  as  the  preceding  results.  The  duty  of 
Nos.  1  and  2  engines  in  the  first  12J  hours'  trial  was  112*483 
million  foot-lbs.,  or  12*48  per  cent,  more  than  specified;  and  in 
the  second  trial  of  12^  hours  113*765  million  foot-lbs.,  or  13*76 
per  cent,  more  than  specified,  and  the  duty  of  Nos.  3  and  4  engines 
in  the  24  hours'  trial  was  121  *  492  million  foot-lbs.,  or  21*49  per 
cent,  more  than  specified.    "Welsh  coal  was  used. 

These  engines  and  boilers  in  the  main  were  originally  designed 
by  the  late  Mr.  Joseph  Gordon,  C.E.,  prominently  assisted  by 
Mr.  T.  E.  Laing,  C.E.,  but  the  detailed  drawings  were  subse- 
quently more  or  less  revised  and  improved  by  the  late  Mr.  Gordon, 
in  consultation  with  the  engineering  inspector,  Mr.  G.  L.  Lambert, 
and  the  makers,  Messrs.  Gimson  &  Co.  of  Leicester,  and  some 
further  improvements  were  introduced  by  the  author.  The  build- 
ings were  designed  by  Mr.  Stockdale  Harrison,  F.E.I.B.A.,  of 
Leicester.    The  work  was  well  in  hand  before  the  late  Mr.  Gordon 
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left  Leicester,  and  the  main  details  had  been  settled  by  him,  but 
the  greater  part  of  the  manufacture  of  the  engines  and  boilers,  the 
fitting  up  in  the  shops  and  the  erection  were  done  under  the 
author's  personal  supervision  as  successor  to  Mr.  Gordon.  In  this 
testing  work  the  author  was  assisted  by  members  of  his  office  staff, 
whom  he  thoroughly  instructed  and  practised  together  in  the 
several  operations  previous  to  the  official  trials. 

The  rising  mains  were  laid  by  Messrs.  Holme  and  King,  of 
Liverpool ;  the  33-inch  iron  pipes  being  supplied  by  the  Stanton 
Ironwork  Co.,  Alfreton. 

Messrs.  S.  and  E.  Bentley,  of  Leicester,  were  the  contractors  for 
the  pumping  station  buildings. 

Cost  of  Sewage  Pumping. 

The  following  is  the  cost  of  pumping  the  sewage  to  Beaumont 
Leys  Farm,  in  working  expenses,  including  wages,  coal,  tools,  oil, 
waste,  gas  and  water,  ordinary  repairs,  rates,  taxes  and  insurance, 
but  exclusive  of  repayments  of  principal  and  interest  for  buildings, 
site  and  machinery. 

£   s.  a. 

Cost  per  1000  gallons,  pumped  against  a  head  or  load 

of  169*5  feet,  including  friction  0    0  '49 

Ditto  per  1 , 000 , 000  gallons,  ditto  ditto    2    0  6*1 

Ditto  ditto  foot-gallons   0    0    2 -87 

Ditto  ditto  foot-lbs.,  or  per  1000  gallons  per  100  feet  lift    0    0  -29 

Beaumont  Leys  Sewage  Farm. 

The  total  area  of  the  Beaumont  Leys  Sewage  Farm  is  1700 
acres.  The  area  really  available  for  sewaging  is  now  about 
1353  acres.  The  greater  portion  of  the  remainder  of  the  land  is 
on  the  outskirts  of  the  farm,  near  the  village  of  Thurcaston  and 
the  road  leading  thereto,  and  is  restricted  from  being  sewaged  by 
the  agreement  entered  into  on  acquiring  the  land  in  that  locality. 
Some  of  it  consists  of  homesteads  and  the  land  immediately 
adjoining.  The  above  mentioned  land  is,  however,  very  convenient 
for  the  accommodation  of  the  stock  in  wet  and  winter  seasons. 

The  farm  is  now  dealing  with  the  sewage  from  about  165,000 
of  the  present  population,  which  equals  122  persons  per  acre  of 
land  available  for  sewaging.  The  sewage  from  the  remaining 
20,000  of  the  population  is  for  the  present  treated  upon  the 
Knighton  and  Belgrave  Sewage  Farms  in  the  added  areas. 
The  total  area  at  first  acquired  was  1375  acres,  the  additional 
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325  acres  being  acquired  about  September  1891.  100  acres  of 
the  land  is  the  freehold  of  the  Corporation,  and  was  purchased  at 
a  cost  of  13,000Z. ;  the  remainder  is  leased  to  the  Corporation  at 
terms  which  will  mostly  expire  in  23  years'  time.  One  condition 
of  the  lease  is  that  259  acres  of  the  pasture  land  available  for 
sewaging  cannot  be  broken  up,  nor  the  hedges  or  trees  removed. 
This  is,  however,  in  our  case  no  particular  disadvantage,  as  will  be 
hereafter  explained.  Very  great  difficulties  have  been  met  with 
owing  to  the  unsuitable  nature  of  the  subsoil.  Generally  speaking 
there  is  only  a  foot  or  so  of  good  friable  soil,  under  which  there  is 
from  2  to  3  feet  of  mostly  stiff  yellow  clay,  below  which  comes 
the  blue  boulder  clay  of  great  depth.  There  are  exceptional  cases 
where  the  second  layer  of  soil  is  somewhat  loamy.  About  30  acres 


sewage  carrier.    Class  1,  4  feet  by  3  feet. 
Section  in  brickwork  (brindle  bricks). 


of  land  is  of  a  light  sandy  soil  or  loam,  about  5  feet  thick,  with 
some  gravel  at  the  base  overlying  a  thick  bed  of  clean  sand. 

A  complete  scheme  for  the  laying  out  of  the  area  originally 
acquired  was  prepared  by  Mr.  Gordon,  and  the  first  contract  for 
receiving  tanks,  permanent  carriers,  trunk  effluent  culverts,  and 
the  roads  for  more  than  half  of  the  prepared  land  were  largely 
carried  out  by  him.  The  designing  and  carrying  out  of  the 
remainder  of  such  works,  and  of  the  preparation  and  drainage  of 
the  land  for  sewage  treatment  have  been  done  by  the  author. 

The  main  carriers  are  open  with  segmental  inverts  and  battered 
sides,  constructed  with  brindle  bricks  set  in  cement  mortar,  and 
backed  up  with  concrete,  according  to  the  accompanying  illus- 
tration. The  tributary  permanent  carriers  are  all  of  stoneware 
pipes,  with  Stanford's  patent  joints,  with  the  necessary  distributing 
chambers.  The  main  effluent  culverts  are  mostly  circular, 
constructed  with  one  ring  of  red  bricks  in  lime  mortar,  with 
inspection  chambers  thereon. 
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The  author  has  made  two  important  departures  from  Mr.  Gordon's 
original  scheme. 

1.  As  to  subsidiary  pipe  carriers.  On  the  author's  appointment 
he  was  called  upon  to  consider  the  great  objection  which  had 
previously  been  raised  to  the  proposed  method  of  laying  these 
carriers  on  the  surface  covered  by  low  earth  embankments.  It 
was  urged  that  these  lines,  which  although  well  arranged  for  the 
levels  of  the  land,  divided  up  the  fields  into  a  number  of  irregular 
plots,  thereby  forming  serious  obstacles  to  the  team  work  required 
for  the  practical  and  economical  cultivation  and  cropping  of  the 
land.  The  author  has,  therefore,  placed  all  these  tributary  carriers 
underground  at  a  depth  sufficient  to  allow  a  steam  cultivator  to 
safely  pass  over. 

2.  As  to  land  drainage.  After  a  most  careful  study  of  this 
question,  and  an  exhaustive  investigation  as  to  the  drainage  for 
sewage  irrigation  of  clay  land,  the  author  came  to  the  conclusion 
that  if,  as  shown  by  the  plans  of  the  original  scheme,  a  complete 
system  of  under  drainage,  all  connected  up  to  the  main  effluent 
culverts  leading  to  the  brook  and  river,  was  carried  out,  the  widely 
predicted  failure  of  this  farm  would  be  inevitable.  His  chief 
reasons  for  this  were : — 1.  That  it  was  impossible  to  adequately 
filter  the  sewage  through  such  a  limited  depth  of  good  soil. 
2.  That  with  complete  under-drainage  it  would  be  impossible  to 
keep  the  sewage  out  of  the  drains  until  cleansed  by  surface 
irrigation.  3.  Especially  in  dry  weather  when  innumerable 
cracks  occur  in  the  ground  to  a  considerable  depth  through  the 
shrinkage  of  the  clay  subsoil.  That  these  fears  have  been  fully 
realised  will  be  admitted  when  the  author  states  that  throughout 
the  irrigation  area,  with  the  exception  of  one  field,  the  effluent 
from  the  somewhat  extensive  existing  and  some  new  drainage  has 
been  foul. 

The  following  is  the  system  which  the  author  devised  in  the 
hope  of  being  able  to  satisfactorily  purify  the  sewage.  Each  field 
or  area  is  isolated  for  separate  and  independent  treatment.  The 
existing  as  well  as  new  land  drainage  of  each  field  or  plot 
(excepting  the  bottom  fields)  is  separately  intercepted  by  a  new 
master  land  pipe  drain  laid  at  a  distance  of  4  yards  from  the 
hedge  along  the  lowest  side  or  sides  to  the  lowest  corner,  from 
whence  it  is  extended  and  brought  out  as  soon  as  possible  to  a 
free  outfall  on  to  the  surface  of  a  field  below,  thus  taking 
advantage  of  the  sloping  character  of  this  farm.    The  extended 
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portion  is  laid  with  Stanford's  patent  joints.  A  valve  chamber  is 
provided  on  each  of  these  free  outfalls,  by  which  the  effluent 
reaching  the  drains  from  the  higher  lands  under  sewage  can  either 
be  turned  on  to  the  surface  of  the  lower  land  for  further  puri- 
fication, or  if  sufficiently  purified,  discharged  into  the  effluent 
dyke  close  by.  The  crude  sewage  is  brought  on  to  the  highest 
parts  of  each  field.  Along  the  lowest  sides  of  each  field,  at  a 
distance  of  8  yards  from  the  hedge,  an  intercepting  earth  grip  is 
cut  to  receive  the  surface  efHuent,  and  leading  to  the  lowest  point 
of  the  field,  where  a  wooden  trough  or  shoot  is  placed  across  the 
ditch  by  which  the  effluent  if  foul  can  be  conveyed  on  to  the  surface 
of  the  next  field  below,  or  if  pure  carried  into  the  effluent  ditch. 

The  intercepting  arrangements  both  for  the  surface  and  drain 
effluents,  are  thereby  under  such  control  that  the  sewage  can  be 
discharged  over  and  through  the  land  as  many  times  as  may  be 
requisite  to  effect  satisfactory  purification.  The  natural  ditches  to 
each  field  throughout  the  farm  are  retained  to  carry  off  the  effluents. 

In  determining  the  mode  of  preparation  of  the  land,  the  author 
was  of  opinion  that  the  crude  sewage  must,  as  far  as  possible,  in 
the  absence  of  chemical  precipitation,  be  first  treated  on  arable  land 
and  finally  purified  on  pasture  or  rye  grass.  He  therefore  advised, 
that  as  far  as  necessary  where  the  terms  of  the  lease  admitted,  the 
high-lying  pasture  be  broken  up  into  arable  land,  and  the  low- 
lying  arable  land  be  seeded  down  or  sown  with  rye  grass.  The 
surface  of  most  of  the  arable  land  has  been  formed  into  "  lands  " 
varying  from  f  to  1\  chains  in  width,  on  the  same  system  as  at 
Croydon,  and  the  author  wishes  to  here  acknowledge  the  facilities 
and  ready  help  which  have  been  given  to  him  by  our  colleague 
Mr.  Thos.  Walker.  The  pasture  fields  which  are  in  " lands"  have 
been  prepared  with  an  earth  carrier  along  the  top  of  each  field, 
a  grip  down  the  ridge  of  each  "  land,"  and  with  diagonal  grips  to 
divert  the  sewage  from  the  furrows  to  the  ridges  over  and  over 
again.  The  effluent  from  the  upper  fields  is  conveyed  for  further 
treatment  across  these  u lands"  by  zigzag  grips,  having  a  fall  of 
about  1  in  600. 

Arable  land  with  steep  slopes  and  pasture  which  is  not  in 
"  lands"  has  been  provided  with  contour  grips  about  15  yards 
apart.  The  object  of  the  author  has  been  to  effect  an  even  distri- 
bution of  the  sewage  over  the  whole  area  and  to  prevent  stagnation 
in  any  form. 

In  consequence  of  the  nature  of  the  soil,  in  wet  weather  as  much 
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as  550  to  600  acres  of  land  have  had  to  be  sewaged  at  one  time  in 
order  to  ensure  good  effluents,  but  during  this  most  exceptionally 
favourable  summer  we  have  been  able  to  manage  with  about  250  to 
400  acres,  whilst  at  Nottingham  only  about  100  acres  of  land  has 
to  be  in  use  at  one  time,  and  only  300  acres  at  once  for  all  the 
sewage  of  Birmingham.  In  wet  weather  it  has  been  no  unusual 
thing  to  have  to  wait  10  or  12  weeks  after  se waging,  before  the 
land  could  be  ploughed,  whilst  at  Birmingham  and  Nottingham,  and 
even  on  the  clay  farm  at  Croydon,  the  land  can  usually  be  ploughed 
in  a  week. 

Whilst  irrigation  pure  and  simple  is  successful  on  some  farms 
where  the  land  is  suitable,  or  where  the  sewage  is  simply  of  a 
domestic  character,  the  conditions  are  totally  different  at  Leicester. 
The  sludge  difficulty  with  us  is  very  great.  The  sewage  is  gene- 
rally so  heavily  charged  and  coloured  with  dye- water,  shoddy,  refuse 
from  wool-washing,  &c,  that  it  is  very  difficult  to  clarify.  Crude 
sewage  not  only  fouls  the  rye-grass  and  pasture,  but  quickly  coats 
the  arable  land.  Having  regard  to  the  failure  in  different  places 
which  has  resulted  from  the  drainage  of  clay  soils  for  sewage  treat- 
ment, this  question  has  had  to  be  dealt  with  in  a  most  careful 
and  tentative  manner.  The  difficulty  we  have  experienced  in  the 
drying  off  of  the  land,  has,  however,  rendered  some  form  of 
drainage  almost  indispensable.  To  meet  this  the  author  has  recom- 
mended a  system  of  drainage  in  cases  only  where  the  effluent  could 
be  thrown  out  on  to  the  surface  of  lower  lands.  These  drains 
consist  of  a  line  of  4-inch  land  pipes  laid  down  each  furrow  of  the 
newly  formed  "  lands  "  at  a  depth  of  4  feet,  the  trench  being  made 
14  inches  wide  at  the  bottom,  and  carefully  filled  in  with  friable 
top  soil,  skimmed  off  the  surface  of  the  "  lands  "  on  either  side  of 
the  trench,  and  the  clay  from  the  trenches  evenly  spread  over  the 
surface  of  the  land  to  be  incorporated  with  the  top  soil  by  the 
operations  of  cultivation.  The  drain  effluent  of  these  fields  is 
conducted  on  to  the  surface  of  the  land  below,  as  before  described. 

About  10  acres  of  the  30  acres  of  light  land  has  been  laid  out 
for  intermittent  filtration.  Two  experimental  polarite  filter  beds 
have  been  constructed  in  the  valley  on  the  Leicester  side  of  the 
farm,  and  some  good  results  have  been  obtained. 

Notwithstanding  the  enormous  difficulties  we  have  to  contend 
with,  the  effluents  have  been  so  good  that  the  river  Soar,  which 
when  chemical  precipitation  alone  was  in  use  was  each  summer  a 
horrible  nuisance  for  miles  down  the  valley,  is  now  in  such  a  state 
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of  purity,  that  it  is  from  Leicester  downwards  stocked  with  immense 
quantities  of  young  fish,  although  the  summer  flow  of  the  river  is 
often  less  than  the  volume  of  sewage  effluent  discharged  into  it. 

The  author  would,  however,  like  it  to  be  distinctly  understood 
that  he  does  not  here  advocate  the  application  of  sewage  to  clay 
land  without  previous  chemical  precipitation. 

The  cropping  is  usually  rye-grass,  mangolds,  swedes  and 
cabbages.  The  income  this  year  has  been  exceptionally  large  from 
the  rye-grass  and  meadow  grass,  the  crops  having  been  unusually 
heavy,  and  the  demand  great,  owing  to  the  drought. 

The  amount  already  sanctioned  to  complete  all  that  is  at  present 
contemplated  is  58,900Z.  for  1434  acres,  or  41Z.  Is.  5d.  per  acre, 
including  the  making  of  about  '2^  miles  of  roads,  engineering 
expenses,  assistants'  and  inspectors'  salaries,  some  compensation  to 
tenants  and  all  incidental  expenses.  The  working  expenses  are 
heavy  on  our  land,  and  another  year  or  two  must  elapse  before  a 
fair  idea  of  the  financial  aspect  can  be  formed.  The  contractors 
for  these  works  have  been  Mr.  G.  Law,  of  Kidderminster,  and 
Messrs.  S.  and  E.  Bentley,  of  Leicester,  and  the  work  is  very 
creditable  to  both  firms. 

Up  to  February  last  the  se waging,  which  was  commenced  in 
September  1890,  was  directed  by  the  author,  who  was  also  held 
responsible  for  the  agricultural  operations  carried  out  by  the 
manager,  Mr.  F.  Thurston,  but  he  is  now  relieved  of  these  duties 
excepting  in  consultations  with  the  committee. 

The  author  has  much  pleasure  in  acknowledging  the  very  signal 
and  able  support  all  through  of  Alderman  Sir  Thomas  Wright,  the 
present  Chairman,  and  also  the  confidence  shown  him  by  the 
Committee,  who  together  with  the  Vice-chairman,  Mr.  Councillor 
Collins,  have  fully  appreciated  and  met  the  various  difficulties  in 
an  indefatigable  and  most  exemplary  manner. 

Under  such  conditions,  with  a  population  increasing  at  the  rate 
of  about  5000  a  year,  we  have  by  no  means  reached  finality,  but 
the  author  is  confident  that  the  success  of  this  undertaking  will  be 
enhanced  and  maintained,  no  matter  what  may  be  found  necessary 
to  achieve  it. 

The  author  has  much  pleasure  in  acknowledging  the  very 
efficient  and  loyal  services  of  his  staff,  and  would  not  like  to  close 
this  paper  without  adding  his  testimony  to  the  great  success  and 
utility  of  the  high  class  engineering  works  designed  and  carried 
out  by  his  predecessor  for  this  corporation. 
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ADDENDA. 

In  accordance  with  the  wish  of  the  Meeting,  the  author  has 
pleasure  in  supplying  particulars  of  works  inspected,  which  are  not 
dealt  with  in  his  paper,  and  also  supplementary  information  asked 
for  in  connection  with  the  subject  of  the  paper. 

Flood  Works. 

The  cartoons  of  the  Floods  Prevention  Works  were  exhibited  and 
explained,  and  the  finished  work  afterwards  inspected.  The  river 
improvement  extends  from  the  southern  to  the  northern  boundaries 
of  the  old  borough,  a  distance  of  about  5083  yards.  A  great 
work  yet  remains  to  be  done  in  extending  this  through  the  added 
areas  above  and  below  the  present  works  for  further  lengths  of 
3233  yards  and  1833  yards  respectively. 

The  drainage  area  contributing  to  the  Soar  above  Leicester  is 
about  147  square  miles.  The  new  flood  course  is  capable  of 
discharging  400,000  cubic  feet  of  water  or  a  rainfall  of  1§  inches 
in  24  hours.  The  total  cost  of  this  work  was  about  352,000Z., 
against  which  there  is  surplus  land  left  to  the  value  of  about 
44,500Z. 

The  Members  first  inspected  the  weir  at  the  head  of  the  upper 
reach  of  the  scheme.  This  weir  is  500  feet  long  and  is  con- 
structed with  a  heart  of  lias  lime  concrete  in  the  proportion  of 

5  to  1,  over  which  is  a  layer  of  cement  concrete  a  foot  thick,  in  the 
proportion  of  6  to  1 ;  this  is  faced  with  Derbyshire  stone  ashlar, 
bonded  into  the  concrete  and  surmounted  by  a  Mountsorrel 
granite  crest  3  feet  6  inches  by  1  foot  6  inches,  with  a  2  feet 

6  inch  by  2  feet  toe  stone  course.  There  are  four  other  weirs  in 
the  scheme,  each  200  to  300  feet  long.  The  latter  on  the  top  side 
is  2  to  1.  The  slope  on  the  low  side  is  constructed  to  a  radius  of 
40  feet.  The  walls  to  the  flood  course  are  of  8  to  1  Portland 
cement  concrete  faced  with  brindled  brick  set  in  cement,  with  a 
Derbyshire  stone  coping,  the  face  having  a  batter  of  1 J  inches  to 
the  foot.  Some  portions  of  the  flood  course  have  a  Derbyshire 
stone  pitched  slope. 

Some  eminent  engineers  have  been  consulted  from  time  to  time, 
including  Messrs.  Hawkshaw  and  Hawksley. 

Mr.  E.  L.  Stephens  prepared  a  scheme,  and  Parliamentary  powers 
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based  upon  that  scheme  were  obtained,  but  the  works,  as  now- 
constructed,  were  for  the  most  part  designed  and  carried  out  by 
the  late  Mr.  Joseph  Gordon  and  Mr.  F.  Griffith.  The  last  two 
contracts  for  the  new  flood  course,  and  the  Mill  Lane  and  Walnut 
Street  bridges  were  completed  under  the  author's  supervision. 

The  New  West  Bridge. 

An  inspection  was  made  of  the  New  West  Bridge  over  the  flood 
course,  which  was  erected  from  the  designs  of  the  author. 

It  is  a  two-span  iron  bridge  in  the  Perpendicular  Gothic  style, 
with  cast-iron  ornamental  arched  outer  ribs  with  parapets  of  cast- 
iron  Gothic  tracery.  The  two  arches  were  necessitated  on  account 
of  the  limited  height  between  the  water  level  and  the  crown  of  the 
bridge  roadway,  and  having  to  provide  a  clear  space  of  9  feet  for 
navigation  purposes.  On  account  of  the  peculiar  position  of  the 
approaches,  a  skew  bridge  was  necessary,  and  the  parapets  had  to 
be  curved  to  form  easy  approaches  from  the  adjacent  thoroughfares, 
The  roadway  has  a  total  width,  between  the  parapets  and  the  centre, 
of  50  feet,  including  two  10-foot  footways,  and  the  span,  including 
the  centre  pier,  is  71  feet  6  inches.  The  abutments  and  pillars  are 
built  of  Derbyshire  grit  stone.  The  floor  of  the  bridge  is  carried 
by  wrought-iron  girders  parallel  with  the  parapets,  arranged  so  as 
to  admit  the  gas  and  water  mains  being  carried  within  the  limited 
space  between  the  soffit  and  the  roadway. 

Messrs.  S.  and  E.  Bentley,  of  Leicester,  were  the  contractors  for 
the  masonry,  Mr.  G.  E.  Barfield,  of  Leicester,  executed  the  carving, 
and  Messrs.  Butler  and  Son,  Stanningley  near  Leeds,  were  the  con- 
tractors for  the  ironwork.   The  total  cost  of  the  bridge  was  7378?. 

Refuse  Destructors. 

The  Members  visited  the  three  refuse  destructors,  two  of  which 
are  at  work,  and  one  nearing  completion. 

In  the  year  1890,  on  the  advice  of  the  author,  the  Sanitary 
Committee  decided  to  burn  the  whole  of  the  house  refuse  from  the 
borough,  the  total  quantity  being  estimated  at  about  48,000  tons 
per  annum,  or  about  900  tons  per  week.  It  was  subsequently 
decided  to  erect  three  destructors  with  six  cells  each,  so  placed  as 
to  minimise  the  distance  of  carting  as  far  as  possible.  These 
three  destructors  involved  an  expenditure  of  about  30,900Z.,  being 
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24,600Z.  for  works,  machinery,  &c,  and  6300Z.  for  the  sites.  The 
cost  of  the  works  and  the  site  of  the  Charnwood  Street,  the  first 
destructor,  were  defrayed  out  of  revenue  account  as  an  experiment. 
Its  situation  is  within  a  few  feet  of  a  large  Board  School,  and 
abuts  upon  the  back  of  a  good  class  of  artisan  dwellings,  a  large 
proportion  of  this  class  residing  in  the  district. 

After  about  a  year  and  nine  months  working,  the  Local  Govern- 
ment Board  sanctioned  a  loan  for  the  other  two  destructors,  to 
which  there  was  no  opposition  at  the  inquiry.  The  designs  for  all 
these  destructor  buildings  and  stacks  have  been  prepared  by  the 
author's  staff.  The  chimney  at  Charnwood  Street  is  160  feet  high. 
The  cells  at  the  Charnwood  Street  works  were  constructed  by 
Messrs.  Manlove,  Alliott  &  Co.,  of  Nottingham,  in  connection  with 
which  a  Jones's  fume  cremator  is  provided.  The  buildings  were 
erected  by  Mr.  George  Hewitt,  of  Leicester. 

The  second  destructor  is  located  at  Mill  Lane,  on  one  side  of 
which  is  a  very  thickly  populated  district,  with  the  river  and 
recreation  grounds  on  the  other  side.  The  cells  for  this  were 
designed  by  the  author,  and  several  improvements  were  introduced. 
The  feed  holes  are  placed  directly  over  the  drying  hearth,  which 
much  facilitates  the  charging  of  the  cells.  The  furnace  doors  are 
in  three  parts,  to  avoid  as  far  as  practicable  the  admission  of  cold 
air,  and  the  exposure  of  the  workmen  to  heat  when  clinkering. 
The  brickwork  between  the  soffit  of  the  main  flue  and  the  top  of  the 
drying  hearth  is  made  as  thin  as  possible  to  give  increased  heat 
under  the  drying  hearth.  Doors  are  provided  for  cleaning  out  the 
main  flue  without  entering  it.  Means  are  provided  for  carrying 
the  dust  from  the  clinkering  operations  back  through  the  furnace 
fires.  The  tipping  shed  floor  is  placed  at  a  greater  height  than 
usual  above  the  top  of  the  cells,  which  is  found  to  be  a  great 
advantage.  The  tipping  shed  is  ventilated  by  exhaust  flues, 
carried  into  the  cavity  between  the  lining  and  outer  shell  of  the 
chimney.    The  chimney  stack  is  180  feet  high. 

The  third  destructor  is  at  the  Lero,  and  is  close  to  a  very  dense 
population  on  the  one  side  and  a  very  beautiful  public  park  on  the 
other.  The  working  drawings  and  detail  drawings  for  the  cells 
have  been  prepared  by  the  author's  staff,  and  the  chief  improve- 
ments in  the  Mill  Lane  destructor  are  embodied,  but  there  is  quite 
a  new  departure  in  the  cells.  This  departure  is  the  invention 
of  Mr.  G.  H.  Biddies,  general  foreman  of  our  destructors,  by  which 
the  fumes  from  the  furnaces  are  brought  back  immediately 
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under  the  drying  hearth  before  admission  into  the  main  flue. 
Other  inventions  of  Mr.  G.  H.  Biddies  are  worked  in,  including 
flues  for  carrying  off  the  dust  from  the  clinkering  operations, 
and  an  apparatus  under  the  bars  for  conveying  dust  and  ashes 
into  the  water  tank. 

The  author,  together  with  his  deputy,  Mr.  Allen,  has  given  a 
very  great  deal  of  attention  to  the  working  out  of  these  details  and 
the  development  of  Mr.  Biddies'  inventions,  but  the  author 
preferred  to  have  no  part  or  interest  in  the  patenting  of  any  of 
these  improvements.  The  author  hopes  that  the  anticipations 
of  the  patentee  will,  however,  be  realised.  In  all  three  of  the 
destructors  Mr.  Biddies'  patent  movable  bars,  manufactured  by 
Messrs.  Billings  &  Sons,  of  Leicester,  are  used,  and  they  are  a  very 
admirable  invention. 

The  chimney  stack  at  the  Lero  is  180  feet  high. 

The  buildings,  stack  and  cells  of  the  Mill  Lane  destructor,  and 
the  stack  and  new  system  of  cells  at  the  Lero  destructor,  have 
been  constructed  by  Mr.  J.  E.  Johnson,  builder,  of  Leicester,  who 
has  at  present  the  sole  right  to  construct  these  particular  cells,  and 
the  author  can  hardly  speak  too  highly  of  the  way  in  which  he 
has  carried  out  all  this  work,  and  of  him  personally  as  a  desirable 
contractor  to  trust  with  such  undertakings. 

In  June  last  experiments  were  conducted  as  to  the  water 
evaporated  in  the  multitubular  boilers,  with  the  result  that  it  was 
found  that  1  lb.  of  refuse  evaporated  *19  lbs.  of  water,  or  1  ton 
of  refuse,  450  lbs.  of  water,  which,  allowing  30  lbs.  of  water  to  be 
evaporated  per  horse-power,  equals  33*7  horse-power  for  six  cells 
for  54  tons  of  refuse  per  24  hours,  at  9  tons  per  cell.  This  equals 
•  62  horse-power  per  ton  of  refuse  burnt  per  24  hours,  or  5  *  6 
horse-power  per  cell,  at  9  tons  per  cell  burnt.  The  steam 
pressure  averaged  35  lbs.  during  the  trial.  In  the  two  destructors 
already  built,  an  average  of  9  tons  per  cell  per  24  hours  is 
usually  burnt.  The  average  residue  is  20*85  per  cent.,  of  which 
14*70  per  cent,  is  clinker  and  6*15  per  cent,  ashes. 

Notes  on  the  Setting-out  of  the  Storm  Outfall  Culvert. 

The  centre  line  was  ranged  out  with  a  6-inch  theodolite,  and 
centre  pegs  put  in  at  each  100  feet.  Where  any  change  of 
direction  took  place  the  intersection  of  the  straight  lines  was 
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fixed  and  marked  by  pegs.  The  angle  of  inclination  was  taken 
and  a  curve  applied  suitable  to  each  case,  but  with  a  minimum 
radius  of  200  feet.  All  curves  above  ground  were  set  out  with  a 
theodolite  by  the  tangential,  angle  and  equal  chord  method.  In 
setting  out  the  tunnels  the  directions  each  way  were  given  by 
plumb  lines  hanging  in  the  shafts  from  points  on  the  top  ranged 
in  by  the  theodolite.  The  plumb  bobs  were  7  lbs.  in  weight, 
turned  conical  and  suspended  by  fine  catgut  lines.  When  the 
distances  become  too  great  to  range  with  the  naked  eye,  a 
theodolite  with  illuminated  axis  was  used,  as  also  in  working 
round  the  curves,  which  were  set  out  by  dividing  each  curve  into 
a  certain  number  of  equal  chords,  the  length  of  which  and  the 
angles  formed  with  the  tangents  and  adjacent  chords  were  calcu- 
lated. Offsets  from  these  chords  to  points  on  the  curve  were  also 
calculated.  Points  were  fixed  in  the  crown  of  the  tunnel  from 
which  plumb  lines  were  suspended  in  rear  of  each  length,  and  in 
line  with  the  next  chord  ahead,  and  offsets  given  from  these  lines 
to  the  foreman  bricklayer,  to  guide  him  in  fixing  his  leading 
frames. 

The  Levels. — The  whole  line  was  carefully  levelled  through 
three  times,  bench  marks  being  fixed  every  300  or  400  yards  on 
buildings,  large  trees  or  large  gate  posts,  but  in  no  case  were  pegs 
used  for  bench  marks,  as  the  author  considers  them  unreliable  for 
future  reference,  owing  to  the  risk  of  their  being  disturbed.  From 
the  above  bench  marks  the  sight  rails  were  erected  every  100  feet, 
as  the  work  proceeded,  three  sight  rails  always  being  used,  so 
that  any  settlement  or  other  derangement  in  either  of  them  would 
be  at  once  apparent  by  being  out  of  range  with  the  others. 

Asphalt-bedded  Granite  Paving. 

About  the  beginning  of  the  year  1890  the  author  had  to 
specially  consider  which  description  of  paving  would  be  most 
suitable  for  certain  streets  in  the  centre  of  the  town.  Strong  ob- 
jections were  raised  to  wood  paving  with  deal  blocks  for  narrow 
streets,  on  account  of  its  short  life  and  the  serious  amount  of 
splashing  of  shop  windows  and  shopkeepers'  goods,  where  the 
pavement  was  much  worn.  The  Committee  hesitated  to  put  down 
the  granite  paving  usually  adopted  in  Leicester,  viz.  5x3  setts  on 
a  bed  of  concrete,  on  account  of  the  great  noise  therefrom.  In 
considering  how  to  meet  the  defect  the  author  thought  out  a  new 
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kind  of  paving,  which  a  number  of  our  Members  saw.  The  ad- 
vantages hoped  to  be  derived  from  this  paving  were : — 

(1)  A  longer  life  than  wood  paving ;  (2)  freedom  from  splashing  ; 
and  (3)  much  less  noise  than  is  usual  from  granite  paving.  The 
foundation  is  composed  of  a  4-inch  layer  of  Portland  cement  and 
refuse  destructor  clinker  concrete,  in  the  proportion  of  6  to  1. 
On  this  is  placed  a  lj-inch  layer  or  bed  of  tarred  granite  chippings 
or  gravel,  the  gravel  being  passed  through  a  screen  of  f -inch  mesh. 
This  layer  is  then  rolled  solid.  Upon  this  the  setts  are  paved  in  a 
J-inch  bed  of  tarred  granite  gravel,  the  gravel  being  first  passed 
through  a  J-inch  mesh  screen.  The  setts  are  racked  up  with 
granite  or  gravel  shingles,  free  from  dust,  rammed  solid  and 
grouted  up  with  pitch,  tar  and  creosote  oil,  made  of  such  con- 
sistency as  will  ensure  setting,  but  with  sufficient  elasticity.  The 
1  J-inch  layer  of  tarred  gravel  is  mixed  and  made  up  hot,  in  the 
same  way  as  for  tar  paving,  and  the  ^-inch  bed  of  tarred  gravel,  in 
which  the  setts  are  paved,  is  also  mixed  and  made  up  hot  in  the 
same  way  as  the  topping  coat  of  tar  paving  for  footways.  Pit 
gravel  would  of  course  answer  where  destructor  clinkers  or  granite 
gravel  are  not  available.  The  paving  setts  are  3  x  3  x  3  dressed 
Leicestershire  granite  cubes.  A  small  proportion  of  the  setts  are, 
however,  sent  4^  inches  long  to  be  used  to  break  joint  when 
required.  The  cost  laid  complete,  including  foundation,  at  Leicester 
is  about  8s.  6d.  per  superficial  yard. 

In  the  first  place,  nearly  four  years  ago,  the  author  had  some 
crossings  put  down  on  this  system,  and  before  recommending  any 
extensive  paving,  tested  them  by  passing  a  15-ton  steam  roller 
over,  backwards  and  forwards  frequently,  but  there  was  no  sign  of 
disturbance.  Consequently,  nearly  three  years  ago,  the  Committee 
resolved  to  pave  a  short  narrow  street  on  this  system,  and  also  to 
put  down  a  piece  in  another  very  narrow  street,  where  there  is  a 
considerable  amount  of  ordinary  vehicular  traffic.  Since  then  half 
the  Leicester  market  place  has  been  paved  on  the  same  system,  and 
the  author  has  now  confidence  in  using  it  for  the  streets  of  a  busy 
town  where  the  traffic  is  not  of  an  extraordinary  character.  The 
desired  advantages  have  so  far  been  fully  realised  by  this  paving. 
A  piece  of  this  paving  run  in  with  Portland  cement  grout  instead 
of  pitch,  tar  and  creosote  oil  has  been  tried,  but  it  did  not  answer 
so  well.  The  author  will  be  pleased  to  give  any  further  infor- 
mation about  it,  and  only  asks  in  return  that  his  name  may  be 
associated  with  its  use. 
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DISCUSSION. 

Mr.  Lobley  :  The  President  has  called  upon  me  to  open  a  dis- 
cussion on  this  interesting  paper-  It  gives  me  great  pleasure  to 
move  a  vote  of  thanks  to  Mr.  Mawbey  both  for  the  paper  and  for 
his  kindness  in  showing  us  over  the  works.  We  are  all  very  much 
indebted  to  him  for  the  excellent  way  in  which  he  has  arranged  the 
meeting,  and  the  extensive  works  he  has  thrown  open  for  our 
inspection.  I  am  not  prepared  to  discuss  this  paper  on  its  merits. 
In  the  first  place  my  earlier  experience  was  at  Liverpool  where 
such  flood  works  were  not  required,  and  my  later  experience  in 
the  Midlands  has  been  in  a  town  for  the  most  part  on  the  top  of  a 
hill,  and  therefore  under  very  different  conditions  to  those  obtain- 
ing in  Leicester,  which  is  situated  in  the  middle  of  a  basin  receiving 
the  rainfall  of  a  large  tract  of  country. 

Mr.  Santo  Crimp  :  I  have  very  much  pleasure  in  seconding  the 
vote  of  thanks  to  the  writer  of  this  excellent  paper.  I  am  afraid 
any  remarks  I  can  make  can  have  but  small  interest,  and  deal  only 
with  details  of  the  paper,  as  we  have  not  had  an  opportunity  of 
seeing  it  in  print.  There  is  one  thing  that  strikes  me  in  the  paper 
almost  at  first  sight :  that  is  the  loyal  way  in  which  Mr.  Mawbey 
has  referred  to  the  services  of  our  late  friend  Mr.  Gordon.  I  am 
quite  sure  that  if  Mr.  Gordon  had  been  spared  to  have  been 
present,  no  one  would  have  rejoiced  more  than  he  would  have  done 
at  the  very  able  way  in  which  his  works  have  been  carried  out  by 
Mr.  Mawbey.  There  are  a  number  of  points  in  the  paper,  but  it  is 
possible  with  the  time  at  our  disposal  only  to  deal  with  a  few  of 
them.  First,  with  regard  to  the  blue  brick  inverts  of  the  sewers  : 
most  of  you  know  the  London  main  drainage  works  were  carried 
out  27  years  ago,  and  recently  I  had  an  opportunity  of  inspecting 
the  inverts  of  the  northern  outfall  works.  They  are  of  gault 
bricks,  not  blue  bricks,  in  the  invert,  and  I  found  the  inverts  for 
seven  courses  of  bricks  were  eroded  to  the  extent  of  an  inch  and  a 
half.  That  is  a  proof  as  to  the  necessity  of  constructing  these 
works  in  as  durable  a  manner  as  possible.  The  question  of  the 
storm  overflow  is  an  exceedingly  interesting  one,  and  it  is  a  very 
large  question  indeed.  You  talk  of  dealing  with  rainfalls  of  an 
inch  or  two  inches  in  twenty-four  hours.  We  all  know  the 
general  rate  at  which  rain  falls  is  much  more  rapid  than  that,  and 
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it  is  no  unusual  thing  to  get  an  inch  in  an  hour.  These  storm 
overflows  have  not  yet  been  brought  into  operation.  Four  years 
ago  the  London  overflows  were  tested.  A  test  was  made  which 
was  comparatively  easy  because  men  were  stationed  at  each  outlet 
who  have  to  take  correct  observations  of  what  happens.  It  is 
often  said  that  the  storm  overflows  greatly  pollute  the  river.  No 
greater  mistake  could  possibly  be  conceived ;  I  found  as  an  abso- 
lute fact,  that  96  per  cent  of  the  sewage  is  conveyed  to  the  outfalls. 
That  I  consider  a  most  satisfactory  position;  by  adopting  the 
separate  system  you  save  4  per  cent,  only  of  the  sewage,  and  you 
would  lose  a  large  number  of  street  washings,  which  in  London 
are  often  more  filthy  and  contain  more  foul  matter  than  the  sewage 
itself.  I  should  like  Mr.  Mawbey  to  make  tests  of  what  percentage 
of  sewage  is  delivered  to  the  farm  and  what  proportion  goes  to  the 
storm  overflow,  and  I  think  he  will  find  the  latter  is  not  more 
than  3  per  cent.  I  was  pleased  to  hear  Mr.  Mawbey  say  all  leaky 
sewers  have  been  abolished,  because  a  sewer  which  is  leaky  will 
also  allow  of  the  escape  of  foul  vapours  which  will  find  their  way 
into  those  houses  which  are  not  built  on  concrete  foundations. 
Mr.  Mawbey  says  a  very  large  number  of  factory  chimneys  have 
been  used  for  ventilation.  I  should  be  very  much  obliged  if  he 
would  give  us  the  facts  with  regard  to  that  question.  I  hope  Mr. 
Mawbey  will  also  give  us  the  cost  of  pumping  at  the  station.  That 
is  a  matter  of  great  importance  to  many  engineers  who  have 
sewage  to  deal  with,  and  would  be  interesting  from  many  points  of 
view. 

Mr.  Wire  :  I  have  pleasure  in  supporting  the  vote  of  thanks  to 
Mr.  Mawbey  for  his  paper.  It  is  so  full  of  figures  and  information, 
and  the  time  is  so  short,  that  it  is  difficult  to  discuss  it  in  detail, 
but  as  I  was  for  many  years  associated  with  the  late  Mr.  Gordon 
in  developing  most  of  the  schemes  which  have  been  referred  to,  I 
know  Mr.  Mawbey  will  excuse  me  if  I  touch  briefly  on  one  or  two 
points.  One  is  the  storm  overflows.  As  designed  by  Mr.  Gordon 
there  were  to  be  two  distinct  storm  overflows,  one  running  along 
the  Melton  Koad  to  Thurmaston  Mill,  the  other  along  the  Abbey 
Lane  and  past  Birstall  village.  The  gradients  were  1  in  3000 
and  1  in  2000.  The  invert  of  the  storm  sewer  was  only  10  inches 
above  that  of  the  foul  sewer  at  Melton  town,  and  in  Abbey  Lane 
I  believe  it  was  18  inches.  Mr.  Mawbey  has  now  managed  to< 
combine  the  two  storm  sewers  into  one  large  culvert,  and  had  no 
doubt  good  reason  for  doing  so.    When  these  separate  storm 
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culverts  were  designed  by  Mr.  Gordon  they  were  submitted  to  the 
Government  Inspector  and  he  also  suggested  that  one  storm  culvert 
would  be  more  effective  than  the  two.    Mr.  Gordon,  however, 
was  very  tenacious  on  this  point,  as  he  considered,  however  experi- 
enced the  Inspector  might  be,  he  necessarily,  through  want  of  time, 
could  not  make  himself  so  well  acquainted  with  the  details  of  this 
work  as  Mr.  Gordon  had  been  able  to  do,  having  devoted  a  great  deal 
of  his  time  and  ability  to  it.    He,  however,  prepared  an  alternative 
scheme  for  one  culvert  as  suggested  by  the  Inspector,  which  would 
have  been  more  costly,  and  would  have  necessitated  a  syphon  under 
the  river.    As  now  carried  out  the  storm  water  passes  off  along 
one  culvert,  and  has  to  climb  a  weir  5  feet  high  in  the  overflow 
chamber.    This  seems  to  be  a  similar  arrangement  to  the  old 
system,  as  the  main  sewers  joined  in  the  Abbey  Meadow,  and  the 
storm  water  had  to  pass  over  a  weir  8  feet  6  inches  high,  so  there 
will  now  be  only  a  reduction  of  3  feet  6  inches  in  the  height  of 
that  weir,  therefore  the  storm  water,  instead  of  having  to  face  only 
a  difference  of  3.0  inches  at  the  Melton  junction,  and  18  inches  at 
Abbey  Lane,  will  have  to  lift  itself  over  a  weir  5  feet  high.  It 
appears  to  me  this  weir  may  cause  the  sewers  in  times  of  storm  to 
back  up  some  distance  towards  the  centre  of  the  town,  as  the 
gradients  are  very  flat — only  1  in  1500— and  cause  cellar  flooding. 
This  Mr.  Gordon  considered  would  be  avoided  by  his  two  storm 
culverts.    Another  point  is  that  when  the  overflow  culvert  is 
working,  part  of  the  main  sewer  will  be  under  pressure.    There  is 
also  a  fall  of  2  feet  2  inches  from  the  crest  of  the  weir  to  the  apron, 
and  as  the  fall  of  the  storm  culvert  is  only  1  in  3000,  might  not 
this  fall  of  2  feet  2  inches  have  been  reduced,  and  a  better  gradient 
than  1  in  3000  obtained,  and  the  velocity  so  increased?  Another 
detail  alluded  to  by  Mr.  Crimp  also  struck  me,  and  that  was  the 
absence  of  the  blue  brick  invert,  which  is  provided  in  the  other 
sewers.    I  was  surprised  that  this  had  been  omitted,  as  in  many 
towns — amongst  others  I  believe  Nottingham  and  Bradford — the 
inverts  have  been  seriously  eroded,  and  have  had  to  be  cut  out  and 
renewed.    With  respect  to  the  ventilation  of  the  sewers,  Mr.  Gordon 
thoroughly  believed  in  open  street  ventilating  grates,  and  was  of 
opinion  that  many  of  the  objections  raised  against  them  were  only 
sentimental.    We  had  several  complaints  which  could  have  resulted 
only  from  imagination.    Several  manhole  covers  were  fixed  which 
were  not  connected  with  foul  sewers  at  all,  but  to  new  storm  sewers 
which  had  never  been  used.    These  were  strongly  complained 
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about,  and  so  were  several  others  which  had  been  effectually 
stopped  by  a  plate  of  zinc  placed  under  the  iron  cover,  but  which 
left  the  openings  between  the  bars  visible.  This  was  of  course 
pure  imagination.  The  manufacturers  of  the  town  also  were  can- 
vassed, and  asked  to  allow  the  sewers  to  be  connected  to  their 
chimney  shafts,  thus  making  them  into  sewer  ventilators.  About 
sixty  manufacturers  agreed  to  have  this  connection  made.  Tests 
with  the  anemometer  were  made  periodically  and  splendid  velocities 
were  obtained.  The  manufacturers,  however,  discovered  that 
although  the  draught  of  their  chimneys  was  decreasing  their  coal 
bills  were  increasing,  and  subsequently  several  of  these  ventilators 
were  found  either  stopped  up  by  the  stokers  or  cut  off  by  the 
owners.    I  have  pleasure  in  supporting  the  vote  of  thanks. 

Mr.  H.  U.  McKie  :  I  wish  to  support  the  vote  of  thanks  to 
Mr.  Mawbey  for  his  paper.  I  came  to  Leicester  knowing  what 
the  late  Mr.  Gordon  had  done  here,  and  I  am  very  pleased  to  see 
what  his  successor  has  done,  and  the  full  and  free  credit  he  has  given 
to  Mr.  Gordon  and  to  his  assistants  for  their  part  in  carrying  out 
these  great  works.  I  feel  proud  to  have  seen  those  works,  to  see 
that  they  are  in  good  hands,  and  my  belief  is  they  will  go  on,  as 
they  deserve  to  go  on,  to  be  prosperous  and  to  the  advantage  of 
Leicester.  We  are  all  indebted  to  Mr.  Mawbey  for  the  excellent 
paper  he  has  given  us  on  this  subject.  I  was  going  to  say  some- 
thing on  irrigation,  but  the  time  is  so  short,  that  I  will  simply  say 
that  every  field  you  have  to  irrigate  must  be  considered  and  treated 
with  the  wisdom  of  the  engineer.  It  appears  from  what  Mr. 
Mawbey  has  said  in  his  paper,  he  has  taken  advantage  of  that  in 
dealing  with  the  Leicester  sewage  farm,  because  there  are  no  two 
fields  which  can  be  treated  in  exactly  the  same  way. 

Mr.  T.  de  Couroy  Meade  :  I  have  much  pleasure  in  supporting 
the  vote  of  thanks  to  Mr.  Mawbey.  He  has,  no  doubt,  been 
placed  at  some  disadvantage  in  carrying  out  this,  his  first  large 
work,  in  the  town,  because  when  a  man  follows  a  well-known 
and  skilled  engineer  like  the  late  Mr.  Gordon,  people  are  apt  to 
draw  comparisons  and  criticise  him.  I  think,  however,  that 
Mr.  Mawbey  is  to  be  congratulated  on  the  work  we  have  seen  to- 
day ;  the  care  and  skill  which  have  been  taken  in  the  construction 
of  the  storm  outfall  are  a  credit  to  the  town  and  to  the  engineer.  I 
hope  that  we  shall  have  an  interesting  visit  to  the  sewage  farm 
to-morrow.  The  Corporation  have  had  great  difficulties  to 
contend  with  there,  but,  apparently,  Mr,  Mawbey  has  succeeded 
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in  getting  a  good  effluent,  which  is  the  main  thing.  The  fact 
that  the  small  brook  into  which  it  flows  is  full  of  fish  shows  that 
the  average  character  of  the  effluent  is  not  harmful. 

The  President  :  I  am  very  loath  indeed  to  close  this  discussion 
but  I  am  obliged  to  do  so  as  time  will  not  admit  of  our  sitting 
longer.  I  hope  to-morrow  we  may  have  an  opportunity  of  con- 
tinuing it,  and  also  of  speaking  upon  the  sewage  farm.  I  may 
say  I  heartily  agree  with  the  proposition  which  has  been  made  to 
accord  a  vote  of  thanks  to  Mr.  Mawbey  for  his  paper.  It  is  full 
of  exceedingly  good  matter,  worthy  of  consideration  and  careful 
reading.  I  may  say  the  works  we  have  seen  to-day  reflect  very 
great  credit  upon  Mr.  Mawbey  and  upon  the  spirit  and  enterprise 
of  the  Corporation  in  dealing  with  this  matter.  I  was  also  pleased 
to  see  the  way  in  which  Mr.  Mawbey  dealt  with  the  engineering 
work  of  our  late  friend,  Mr.  Gordon,  whose  memory  will  live  in 
our  hearts  for  many  years. 

Mr.  Mawbey,  in  replying  on  the  discussion,  said :  Mr.  President 
and  Gentlemen,  I  have  to  thank  you  in  the  warmest  way  I  am 
able  to  do  for  the  very  kind  and  handsome  way  in  which  you  have 
spoken  of  me  and  in  appreciation  of  the  efforts  I  have  made  to 
give  you  a  successful  meeting.  With  regard  to  Mr.  Santo 
Crimp's  remark  as  to  rainfall  of  an  inch  per  hour,  it  is  quite  true. 
But  Mr.  Gordon  had  to  consider  whether  he  would  not  carry  out 
a  system  of  storm  relief  sewers  in  the  first  place  to  prevent  the 
ordinary  sewers  being  back- watered.  Mr.  Gordon  had  in  his  mind 
and  prepared  a  scheme  for  storm  water  sewers  for  Leicester ;  but 
he  did  the  next  best  thing  to  a  complete  separate  system  by 
arranging  so  that  his  district  storm  overflows  would  deal  with 
J  an  inch  of  rainfall  per  hour.  At  some  future  time  we  shall 
probably  get  more  relief.  It  is  really  different  here  from  what 
it  is  in  London ;  instead  of  gravitating  to  an  outfall  we  have  to 
pump  our  sewage  170  feet.  When  the  volume  of  the  sewage  is 
increased  by  a  \  inch  of  rain  in  24  hours,  the  flow  has  been 
so  increased  that  we  cannot  pump  it.  With  regard  to  sewer 
ventilation  I  did  not  say  very  much,  because  the  fact  is,  none  of 
us  know  enough  to  pose  as  successful  authorities.  Mr.  Gordon 
did  his  best ;  we  all  then  believed  it  was  the  best.  He  got 
proprietors  of  factories  to  allow  him  to  put  connections  into  their 
chimneys,  and  he  opened  out  the  sewers  by  surface  ventilation 
gratings,  but  public  feeling  was  against  him,  the  sanitary  com- 
mittee was  also  against  him,  and  it  was  a  very  anxious  and 
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troubled  time  for  Mr.  Gordon.  He  had  to  do  as  his  employers 
instructed  him  and  close  many  of  these  ventilators  against  his 
will.  We  shall  have  to  find  some  means  to  remedy  it ;  there  are 
not  many  men  so  brave  and  bold  as  Mr.  Godfrey  is  on  this 
question.  It  is,  however,  a  matter  we  must  seriously  consider, 
for  it  is  very  probable  that  the  public  will  enforce  upon  us  the 
abolition  of  surface  ventilators,  and  then  we  shall  have  to  devise 
some  other  means  of  ventilating  the  sewers.  With  regard  to 
Mr.  Wike's  remarks,  I  had  not  intended  to  put  forward  the 
drawings  of  Mr.  Gordon's  storm  culverts  unless  questions  were 
raised,  because  I  do  not  like  the  idea  of  personal  comparisons. 
Mr.  Gordon  has  designed  a  culvert  for  the  eastern  side  to  go 
straight  ahead  to  an  outfall  at  Thurmaston  village,  and  another 
for  the  western  side  to  a  point  just  between  Birstall  and  Wandlip, 
and  he  recommended  that  the  river  be  lowered  so  as  to  give 
outfalls  at  those  places.  Mr.  Gordon  did  the  best  he  could.  The 
Local  Government  Board  went  dead  against  having  two  outfalls, 
one  immediately  above  the  village  of  Thurmaston,  and  said  it 
would  be  very  much  better  to  have  a  single  outfall.  Thereupon 
Major  Tulloch  recommended  that  Mr.  Gordon's  two  culverts 
should  be  joined  together  as  near  to  Leicester  as  possible,  viz. 
just  below  Belgrave,  and  then  to  be  continued  as  one  culvert  to 
a  point  immediately  below  Wandlip  Hall.  Mr,  Gordon  wrote  a 
very  able  report  indeed,  showing  the  advantage  of  his  system. 
That  was  the  dilemma  they  were  in  when  I  came  to  Leicester. 
The  Local  Government  Board  would  not  agree  to  Mr.  Gordon's 
scheme,  and  the  Corporation  did  not  like  the  alternative  suggested. 
The  objections  made  by  the  Local  Government  Board  were,  that 
it  ran  through  a  valley  in  embankments  by  Sir  Archdale  Palmer's. 
The  Board  said,  if  you  adopt  this  scheme,  and  go  all  through 
eventually  to  a  lower  outfall,  you  will  have  a  syphon  to  get  across 
the  river.  What  I  found  was  that  in  the  Local  Government 
Board's  scheme  there  would  have  been  eventually  two  syphons 
and  embankments,  and  in  Mr.  Gordon's  scheme  there  would  have 
also  been  two  syphons,  embankments  and  two  culverts.  What  I 
had  to  do  was  to  design  a  single  culvert  and  get  out  of  these 
difficulties  of  syphons  and  embankments,  which  would  have 
obstructed  the  flood  currents.  I  said  to  the  committee,  if  you 
have  to  go  further  down  the  valley  at  some  time  it  will  be  best  to 
go  at  once.  The  committee  passed  this  scheme  in  half  an  hour 
and  the  Council  confirmed  it  in  ten  minutes.     I  may  say,  in 
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reply  to  Mr.  Wike,  my  overflow  weir  is  18  inches  lower  than 
Mr.  Gordon's. 

Mr.  Wike  :  One  is  lower,  but  then  the  other  is  2  feet  higher. 

Mr.  Mawbey  :  As  to  the  danger  of  backing  up  there  is  not 
much  difference.  My  scheme  will  back  up  just  about  as  far  as 
Mr.  Gordon's.  As  to  the  absence  of  blue  bricks  in  the  invert,  I 
would  like  to  remind  you  that  a  storm  culvert  has  not  the  carrying 
off  of  grit  and  the  constant  grinding  of  a  foul  culvert,  so  I  did  not 
feel  justified  in  incurring  the  expense.  Mr.  Gordon  provided  blue 
bricks  for  every  foul  sewer  he  designed  for  Leicester,  and  they 
have  been  put  in.  I  am  very  much  obliged  to  Mr.  Meade  and 
Mr.  McKie  for  their  very  kind  remarks  about  myself. 

Saturday,  30th  September. 
VISITS  TO  WOBKS  AND  DISCUSSION. 

The  Members  assembled  at  the  Museum,  New  Walk,  and  before 
commencing  the  day's  round  of  engineering  visits,  an  opportunity 
was  taken  of  inspecting  the  valuable  collection  which  the  Corpora- 
tion is  putting  together  in  the  Museum. 

The  Members  then  started  in  brakes,  kindly  provided  by 
Mr.  Mawbey,  to  view  the  upper  reaches  of  the  Floods  Prevention 
Works  with  the  500  feet  weir,  Walnut  Street  and  Mill  Lane 
bridges,  recreation  ground,  the  new  Western  Boulevard,  and  the 
Mill  Lane  refuse  destructor.  On  arrival  at  a  point  near  to  the 
weir  the  Members  left  the  brakes  and  inspected  the  large  and 
important  works  which  have  been  carried  out  for  the  prevention  of 
floods. 

Mr.  Mawbey,  in  describing  the  flood  weir,  said  it  was  500  feet 
in  length.  The  heart  is  of  blue  lias  lime  concrete  over  which  there 
is  a  covering  of  Portland  cement  concrete,  a  foot  thick,  pitched 
with  Derbyshire  stone,  with  a  granite  crest.  The  average  depth  of 
water  is  5  feet  to  5  feet  6  inches.  Since  the  work  has  been 
carried  out  the  borough  has  been  considerably  extended  each  way, 
including  Aylestone  and  Belgrave,  and  it  is  very  likely  the  borough 
will  have  to  extend  their  flood  scheme,  because  there  is  a  good 
deal  of  land  waterlogged,  which  would  otherwise  be  available  for 
building  purposes. 

The  Members  walked  from  the  weir  to  the  bridges,  and  after  an 
inspection  of  these  structures 
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Mr.  Mawbey  :  Gentlemen,  The  Chairman  wishes  me  to  point 
out  to  you  that  from  that  chinney  nearly  to  within  one  field  of 
the  Gas-works,  and  a  considerable  width  up  to  this  old  building, 
is  the  property  of  the  Corporation.  The  Estates  Committee  have 
just  been  spending  between  7000Z.  and  8000Z.  in  making  it  up 
into  streets,  and  the  land  is  going  off  rapidly  at  about  17s.  a  yard. 
The  Estates  Committee  are  the  owners  of  a  great  deal  of  building 
land  in  Leicester  and  there  is  a  great  area  at  the  upper  end  of  the 
town,  the  southern  end,  which  is  fetching  from  25s.  to  30s.  per 
yard.  On  this  side  is  another  piece  of  Corporation  property. 
This  was  formerly  a  complete  swamp  but  it  has  now  been  con- 
verted into  a  recreation  ground  and  handed  over  to  the  Parks 
Committee.  The  Manchester,  Sheffield  and  Lincolnshire  Eailway 
Company  propose  to  take  their  new  railway  through  the  centre  of 
that,  and  we  hope  if  they  do  we  shall  get  very  substantial 
advantage  out  of  it.  At  all  events  we  shall  get  as  much  as  we 
can.  This  boulevard  is  the  work  of  the  Estates  Committee  and 
I  need  not  here  dilate  upon  it.  This  bridge,  together  with  the 
next  bridge,  was  designed  by  the  late  Mr.  Gordon,  assisted  by 
Mr.  Griffiths  and  Mr.  Laing,  except  the  finials  which  were 
designed  by  Mr.  Stockdale  Harrison.  The  bridge  is  of  rather 
peculiar  construction  but  has  been  very  successful. 

From  this  point  the  Members  proceeded  to  the  Mill  Lane  refuse 
destructor,  which  is  fully  described  in  the  paper  contributed  by 
Mr.  Mawbey  on  the  special  features  of  the  refuse  destructors  in 
work  at  Leicester. 

The  party  then  drove  to  the  new  West  Bridge,  a  very  hand- 
some structure,  where  another  brief  halt  was  made  to  give  the 
Members  an  opportunity  of  personal  inspection  of  the  work. 

Mr.  Mawbey,  in  describing  the  bridge,  said :  This  section  from 
here  to  a  few  yards  lower  down,  and  this  bridge  were  not  com- 
menced when  I  came  to  Leicester,  and  perhaps  you  will  allow  me 
to  tell  you  that  it  is  my  own  design.  The  Floods  Works  Com- 
mittee gave  me  carte  blanche  to  put  up  a  good  bridge,  and  you  will 
see  how  liberal  minded  the  Leicester  Corporation  are  to  allow  such 
expensive  work  to  be  done.  The  ironwork  has  been  carried  out  by 
Messrs.  Butler  &  Co.,  of  Leeds,  and  great  credit  is  due  to  them. 
We  supplied  them  with  full  details  of  all  the  work.  The  bridge 
masonry  and  brickwork  were  done  by  Messrs.  Bentley,  and  the 
carving  was  done  by  a  local  man,  Mr.  Barfield. 

A  Member  asked  the  cost  of  tho  work. 
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Mr.  Mawbey:  The  cost  was  a  little  over  11,0007.,  but  the 
bridge  proper,  independent  of  that  portion  which  is  due  to 
the  flood  works,  was  about  7000Z.  The  other  bridges  cost 
about  4000Z.  each,[ibut  they  are  narrower  in  the  roadway  and  are 
smaller. 

The  drive  was  continued  direct  from  the  bridge  to  Beaumont 
Leys  Sewage  Farm,  where  the  Members  were  met  by  Alderman 
Sir  Thomas  Wright,  the  Chairman,  and  Mr.  Councillor  George 
Collins,  the  Vice-Chairman  of  the  Sewage  Works  and  Farm 
Committee. 

Mr.  Mawbey  :  The  extent  of  the  farm  is  1700  acres,  and  the 
area  available  for  se waging  about  1350  acres.  The  question  we 
had  to  consider  was  whether  to  drain  it  or  not.  Mr.  Walker 
and  Mr.  Crimp  have  found  that  it  is  very  dangerous  to  drain  clay 
land.  Now  if  this  farm  was  flat  I  should  say  it  would  be  a  perfect 
failure.  You  would  not  be  able  to  drain  it ;  you  would  not  be 
able  to  get  a  good  effluent,  if  you  could  not  intercept  the  sewage 
and  put  it  on  over  and  over  again.  Under  the  thin  layer  of  top  soil 
there  is  2  feet  6  inches  of  clay,  and  we  then  come  to  the  boulder 
clay.  Having  regard  to  the  fact  that  we  have  had  to  wait  twenty 
weeks  after  sewaging  before  we  could  get  on  with  a  plough,  and 
very  often  eight  or  ten  weeks,  we  came  to  the  conclusion  that  we 
must  do  some  drainage.  We  have  decided  not  to  drain  it  as  for 
filtration,  with  drains  eight  or  ten  yards  apart,  but  with  drains  a 
chain,  and  some  1^  chains  apart.  The  object  is  this :  we  take 
the  crude  sewage  from  the  grip  down  the  centre  of  the  land 
over  a  slope  some  distance  before  reaching  the  drain,  instead  of 
sending  the  crude  sewage  at  once  all  over  the  drains.  We  find 
in  the  summer-time  that  the  ground  cakes  tremendously.  We 
have  tried  one  field  with  drains  1J  chains  apart,  and  one  with 
drains  f  of  a  chain  apart.  The  object  of  putting  the  drains 
1J  chains  apart  was  to  get  more  lateral  filtration  and  surface  irri- 
gation before  reaching  the  drains.  I  have  been  very  successful 
with  that  field ;  but  I  may  tell  you  that  although  the  drains  are 
|  of  a  chain  from  the  centre  of  the  ridge,  and  although  we  filled  it 
up  with  the  best  soil  we  had  and  nowhere  less  than  4  feet  deep, 
yet,  while  the  effluent  was  better  than  we  had  elsewhere,  it  is  not 
good  enough  to  go  into  the  brook. 

Mr.  Santo  Crimp  :  Have  you  found  any  fungus  in  any  of  the 
drains  ? 

Mr.  Mawbey  :  No,  we  have  not  found  any.    With  regard  to  the 
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pipes,  we  got  the  hardest  and  strongest  pipes  we  could.  Although 
there  is  an  agricultural  advantage  in  having  some  filtration  through 
the  pipes  I  felt  that  the  facility  for  the  growth  of  fungus  more 
than  counterbalances  that  advantage. 

Sir  Thomas  Wright,  Chairman  of  the  Sewage  Committee,  said : 
We  are  now  in  the  centre  of  a  sewage  farm,  the  propriety  of  taking 
which  was  very  much  debated  on  the  ground  of  the  unsuitability  of 
the  subsoil.  I  think  those  engineers  who  have  come  here  will 
probably  agree  that  the  strictures  passed  by  Mr.  Gordon  and  some 
Members  of  the  Council  were  only  too  well  justified.  Nothing 
more  forbidding  from  the  engineering  point  of  view  for  the  purpose 
of  sewage  disposal  could  be  shown  than  the  field  on  which  we  are 
standing.  How  any  one  could  expect  to  purify  sewage  on  this  land 
is  one  of  the  things  of  the  Dundreary  order,  "  which  no  fellow  can 
understand."  Owing  to  the  skilful  management  of  the  Borough 
Engineer,  the  farm  bailiff  and  of  Mr.  Collins,  during  the  present 
year,  we  have  been  able  to  purify  the  sewage,  to  put  a  perfectly 
satisfactory  effluent  into  the  river  on  the  one  side  and  the  Anstey 
Brook  on  the  other,  and  we  have  grown  crops  of  grass  which  have 
made  all  our  neighbours  envy  us.  We  have  been  benefited  by  the 
elements ;  but  we  have  got  over  our  difficulties  by  succeeding  in 
putting  a  pure  effluent  into  the  stream  and  growing  satisfactory 
crops.  If  the  ratepayers  of  Leicester  ever  read  our  monthly  reports 
they  will  see  that  we  have  already  received  a  larger  sum  than  we 
estimated  we  should  receive  for  the  twelve  months,  and  our 
expenditure  is  materially  less  than  we  estimated  when  we  made 
our  estimates  for  the  coming  year.  So  far  we  may  say  the  sewage 
farm  is  satisfactory.  If  the  gentlemen  who  are  here  will  favour  us 
with  the  views  they  have  formed  on  the  farm,  and  will  make  any 
suggestions  for  improvements,  we  shall  be  very  grateful  for  their 
help.  It  is  a  huge  problem  we  have  to  solve,  and  any  knowledge 
of  how  to  satisfactorily  deal  with  it  will  be  gratefully  received.  I 
can  only  express  the  very  great  pleasure  it  gives  me  to  meet  so 
many  gentlemen  here  on  the  farm. 

Sir  Thomas  Wright  then  exhibited  some  live  fish  in  a  glass 
globe,  which  had  been  caught  at  No.  4  effluent  and  had  been 
living  in  the  effluent  water  for  three  weeks. 

Mr.  Collins:  I  can  only  say,  as  regards  the  crops  we  have 
been  very  successful.  The  fifth  crop  of  grass  is  growing  in 
the  field  in  which  we  are  now  standing,  and  has  paid  the 
Corporation  at  the  rate  of  20?.  per  acre.    We  have  made  close 
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upon  2000/.  from  the  sale  of  grass.  The  returns  from  the  farm 
are  so  far  very  encouraging  to  the  Leicester  Corporation. 

In  reply  to  a  Member,  Mr.  Councillor  Collins  said  that 
71.  7s.  6d.  per  acre  was  the  highest  price  which  had  been  obtained 
for  one  cutting  of  meadow  grass,  and  from  51.  to  6Z.  for  rye  grass. 
The  purchaser  has  to  pay  for  all  the  labour. 

Sir  Thomas  Wright  :  Our  experience  is  that  it  does  not  pay 
to  put  crude  sewage  on  grass.  The  crude  sewage  has  a  tendency 
to  dirty  the  grass  and  make  it  unsaleable.  Eye  grass  is  ruined 
by  it. 

Mr.  Mawbey:  We  have  two  systems  working  here  on  the 
farm,  and  I  wish  you  to  express  your  opinions  respecting  those 
systems,  whether  you  think  we  ought  to  keep  the  sewage  con- 
stantly moving  or  to  allow  it  to  stagnate.  The  system  I  have 
pursued  is  to  keep  the  sewage  moving,  and  to  put  it  on  the  land 
over  and  over  again.  The  science  of  the  system  of  purification 
is  this — to  have  no  stagnation  of  sewage  on  the  farm  anywhere. 
I  have  fought  for  that  and  I  shall  always  fight  for  it.  Directly 
you  allow  sewage  to  stagnate  on  the  ground  it  begins  to  decompose, 
and  it  rapidly  becomes  worse  than  when  it  went  on  to  the  land. 
I  hope  we  shall  come  to  a  system  of  chemical  precipitation ;  we 
shall  then  be  able  to  send  the  effluent  direct  on  to  rye  grass  or 
old  pasture,  and  we  shall  not  have  this  difficulty  as  to  sludge. 
The  farm  is  managed  entirely  by  the  Corporation,  and  we  keep 
600  head  of  stock  in  summer  and  300  in  winter.  One  difficulty 
as  to  grazing  is  the  sludge  on  the  pasture.  The  cattle  graze 
among  the  effluent  and  like  it. 

After  a  complete  inspection  of  the  farm  the  Members  drove  to 
the  new  sewage  pumping  station,  where  the  opportunity  was 
taken  of  inspecting  the  engines,  boilers,  &c,  the  work  of  Messrs. 
Gimson  &  Co.,  of  Leicester. 

The  Members  were  here  entertained  to  luncheon. 

The  President:  It  is  now  time  to  resume  the  discussion  on 
the  papers ;  but  I  think,  perhaps,  it  will  be  advisable  that  any 
Members  who  have  any  remarks  to  make  on  the  sewage  farm  and 
the  sewage  treatment  should  send  their  communications  in  writing 
to  the  Secretary.  With  regard  to  the  engines  and  the  pumping 
machinery  we  shall  be  glad  for  any  Member  who  has  anything  to 
say  to  commence  the  discussion  at  once. 

Mr.  E.  Pritchard  :  Gentlemen,  I  am  sure  all  of  you  will  agree 
who  have  had  experience  of  pumping  engines,  that  there  is  very 
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little  need  to  say  anything  in  discussion  except  by  way  of  praise. 
The  President  has  very  properly  remarked  that  if  we  are  able  to 
continue  this  discussion  while  two  great  pumping  engines  are  at 
work,  those  engines  must  be  doing  their  work  most  economically 
and  satisfactorily.  The  engines,  indeed,  speak  for  themselves,  and 
like  their  designer  and  maker  they  are  modest  and  nearly  silent, 
and  those  conditions,  I  am  sure  you  will  agree  with  me,  are  the 
highest  recommendations  that  can  be  given.  I  have  never  in 
thirty  years'  experience  in  various  parts  of  the  world,  and  with 
all  kinds  of  pumping  machinery,  been  in  a  pumping  station  so 
silent  as  this  ;  and  I  am  sure  I  shall  be  doing  my  duty  best  this 
afternoon  by  copying  the  example  set  me  by  the  engines,  and  be 
silent. 

Mr.  Santo  Crimp  :  I  will  merely  confine  my  remarks  to  the 
simple  statement  that  of  all  the  visits  I  have  made  to  sewage  works 
there  is  not  one  which  has  been  so  instructive  as  the  visit  of  to-day. 
We  have  had  a  most  interesting  visit,  and  I  hope  to  take  the  oppor- 
tunity of  sending  my  views  to  the  Secretary  upon  these  works.  I 
may  say,  if  there  is  one  thing  which  strikes  me  more  than  another 
it  is  that  Leicester  possesses  a  sewage  committee  that  is  determined 
to  do  its  duty  and  make  the  sewage  farm  and  works  a  success,  and 
that  they  possess  in  Mr.  Mawbey  an  engineer  quite  competent  to 
advise  them. 

Mr.  Comber  :  I  do  not  know  why  the  President  has  called  upon 
me  except  that,  perhaps,  I  have  had  as  much  trouble  as  anybody 
with  pumping  engines  during  the  last  twenty  years.  I  remember 
visiting  the  Leicester  Sewage  Works  in  1874,  and  to  look  at  the 
pumping  engines  now  and  those  of  that  day,  I  think  the  great 
improvement  which  has  been  made  reflects  the  greatest  credit  upon 
everybody  connected  with  the  work.  We  all  know  Leicester  as  a 
town  which  sets  the  example  to  other  municipalities,  and  I  think 
in  the  machinery  we  see  to-day  Leicester  must  be  complimented. 
From  the  smooth  way  in  which  the  engines  are  working  it  is 
evident  they  must  be  working  very  economically  indeed.  They  are 
certainly  a  very  great  credit. 

Sir  Thomas  Wright  :  I  was  somewhat  at  a  loss  to  know  why 
the  President  was  so  good  as  to  call  upon  me  to  speak,  but  my 
friend  Mr.  Gimson  says  it  is  because  as  a  lawyer  I  am  supposed  to 
know  something  about  pumping,  if  it  is  only  pumping  witnesses. 
One  could  scarcely  resist  so  delicate  a  compliment  as  that.  It  is 
said  the  less  you  know  about  a  subject  the  more  you  can  talk 
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about  it ;  but  whether  that  would  be  safe  before  so  critical  an 
audience  of  engineers  is  a  very  doubtful  question.  Some  very  kind 
observations  have  been  made  about  the  Corporation  of  Leicester 
having  been  so  successful  in  finding  such  splendid  engineers.  It 
is  one  of  the  boasts  of  Leicester  that  we  are  self-contained.  There 
are  very  few  things  we  want  we  cannot  find  at  home.  Therefore 
we  are  very  glad  to  see  so  large  a  gathering  of  the  skilled  engineers 
of  England  assembled  here  to-day.  If  we  have  not  shown  you  any- 
thing on  the  sewage  farm  worthy  of  your  attention  we  can  show 
you  engines  which  will  take  a  good  deal  of  beating.  Messrs. 
Gimson  have  a  reputation  which  is  not  confined  to  Leicester. 
There  are  representatives  of  Local  Authorities  here  who  know  by 
practical  experience  the  value  of  Messrs.  Gimson's  work,  and  those 
of  you  who  are  contemplating  similar  works  cannot  do  better  than 
spend  a  few  minutes  in  examining  these  engines  which  are  doing 
their  work  so  splendidly  this  afternoon.  In  conclusion,  Sir  Thomas 
expressed  the  hope  that  all  the  Members  had  enjoyed  a  very 
pleasant  visit  to  Leicester,  and  that  the  visit  might  be  of  pro- 
fessional use  to  them,  and  if  ever  the  Association  was  minded  to 
pay  Leicester  another  visit  he  hoped  he  might  see  all  the  Members 
again. 

Mr.  Walker  :  I  would  very  much  rather  have  remained  a 
listener  than  a  speaker,  but  I  am  requested  to  say  a  word  or  two 
in  reference  to  what  I  have  seen  on  the  farm,  and  I  can  only  say 
words  of  encouragement.  I  am  quite  sure  that  you  are  on  the 
right  track  and  that  success  is  nearer  to  you  than  you  imagine. 
Of  course  we  do  not  expect  to  have  a  summer  like  this  every  year ; 
but  you  will  find  the  land  will  work  more  freely,  take  the  sewage 
more  kindly,  and  dry  off  more  easily,  which  seems  to  be  the  diffi- 
culty here.  I  have  the  management  of  one  of  our  farms  which  is 
more  difficult  than  the  Leicester  one,  and  where  the  land  has  very 
little  fall ;  and  that  has  come  out  rightly  in  a  very  satisfactory 
manner.  Therefore  I  can  ask  you  to  go  on  the  ordinary  lines  of 
broad  irrigation.  I  am  quite  sure  you  are  nearer  success  than 
you  imagine.  I  have  been  very  pleased  to  see  the  grass  land.  I 
had  no  idea  you  could  get  the  sewage  so  easily  over  it  as  you  do 
without  levelling  it.  There  may,  however,  be  some  fields  where 
the  sewage  does  not  get  all  over,  and  there  I  should  take  the  turf 
off,  level  the  ground  and  relay  it.  Every  inch  of  the  ground 
should  be  covered  with  sewage  or  the  land  is  not  fully  utilised.  I 
have  spoken  what  I  honestly  believe,  and  I  think  if  we  come  here 
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in  a  few  years  we  shall  see  a  marked  improvement  in  the  farm  if 
you  follow  the  same  course. 

Mr.  Mawbey,  in  closing  the  discussion :  I  have  said  so  much  at 
this  meeting  that  I  am  afraid  you  will  get  tired  of  me.  But  it  is 
my  duty,  as  the  President  reminds  me,  to  wind  up  the  discussion. 
There  is  very  little  to  reply  to,  because  your  remarks  are  all  so 
complimentary.  I  am  very  glad  to  hear  from  Mr.  Walker  such 
encouraging  remarks  on  the  prospects  of  the  sewage  farm.  When 
I  say,  Sir  Thomas,  that  Mr.  Walker,  of  Croydon,  is  one  of  the 
leading  and  best  authorities  we  have  in  the  whole  country,  on 
sewage  irrigation,  I  am  sure  you  will  admit  I  am  not  exaggerat- 
ing in  the  importance  which  I  attach  to  his  opinion.  Mr.  Walker 
suggests  the  taking  off  of  the  turf.  We  have  endeavoured  to  lay 
out  the  farm  without  altering  the  surface  any  more  than  possible, 
and  we  have  bad,  as  you  can  quite  imagine,  to  take  many  hundreds 
of  thousands  of  levels  in  making  the  contours  to  induce  the  sewage 
to  do  what  Mr.  Walker  says  it  ought  to  do,  to  pass  uniformly  over 
the  land  in  a  thin  film.  We  are  very  thankful  to  Messrs.  Gimson, 
for  their  hospitality  in  entertaining  you  when  you  have  done  us 
the  honour  to  visit  our  works.  We  hope  it  will  not  be  the  last 
time  we  shall  meet,  and  I  personally  hope  you  will  carry  away 
something  that  will  be  of  advantage  to  you.  One  thing  I  particu- 
larly invite  you  to  do,  that  is  to  write  freely  what  you  think  about 
what  you  have  seen.  Sir  Thomas  Wright,  Mr.  Councillor  Collins, 
myself  and  the  whole  Committee  and  the  ratepayers  will  be 
grateful  for  any  hints  that  you  may  give  to  us.  I  again  thank 
you  for  your  attention  and  kind  remarks. 

A  hearty  vote  of  thanks  was  accorded  to,  and  acknowledged  by 
Mr.  Mawbey. 

COEEESPONDENCE. 

Mr.  E.  J.  Silcock  writes :  I  have  been  very  much  interested  in 
the  paper  which  Mr.  Mawbey  has  read  to  us,  and  he  is,  I  am  sure, 
to  be  complimented,  and  the  inhabitants  of  Leicester  are  to  be 
congratulated  on  the  quality  of  the  works  we  have  seen  to-day ; 
for  works  of  the  class  which  cannot  be  called  show  works  the 
workmanship  is  undoubtedly  of  a  very  high  order,  and  I  have 
heard  several  Members  express  a  similar  opinion  during  the  course 
of  the  day. 

The  discussion,  so  far  as  it  has  gone,  has  consisted  principally  of 
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expressions  of  approval  of  the  works,  with  which  I  fully  concur,  but 
with  your  permission  I  will  venture  to  offer  some  few  remarks  in 
the  way  of  criticism  on  the  system  of  overflow  sewers,  and  I  do  so 
with  the  more  confidence  as  I  was  associated  with  Mr.  Hewson  in 
designing  and  carrying  out  a  similar  system  for  the  city  of  Leeds, 
which  has  an  area  of  22,000  acres. 

It  is  of  course  very  difficult,  if  not  impossible,  for  us  as  strangers 
to  a  town,  to  effectually  criticise  the  works  of  an  engineer  who  has 
given  them  so  much  time  and  attention,  but  when  Members  take 
the  trouble  to  write  papers  and  arrange  meetings  for  us  we  should 
at  least  discuss  those  papers  as  far  as  possible,  for  therein  lies  one 
of  the  chief  advantages  of  our  meetings. 

In  the  paper  we  are  informed  that  Mr.  Gordon  very  wisely  laid 
out  the  sewers  in  Leicester  on  the  zone  system,  so  that  those  portions 
of  the  borough  lying  above  flood  level  in  the  river  could  get  free 
outlets  for  their  storm  waters ;  but  it  further  appears  from  the 
paper  that  the  sewage  outlets  from  the  overflow  chambers  of  these 
high-level  districts  are  controlled  by  penstocks  which  allow  a 
quantity  equal  to  a  rainfall  of  2  inches  per  24  hours  to  go  forward 
into  the  low-level  sewers. 

I  assume  that  this  is  before  the  water  reaches  the  lip  of  the 
overflow  weirs,  so  that  if  the  water  flows  to  any  considerable  depth 
over  the  weirs,  and  this  increases  the  head,  forcing  the  water 
under  the  penstocks,  this  quantity  may  be  considerablv  increased. 

But  taking  it  at  2  inches  in  24  hours,  or  ^  inch  per  hour,  this 
will  give  on  the  1925  acres  already  built  on,  a  quantity  of  about 
160  cubic  feet  per  second,  delivered  at  the  low-level  overflow  bell- 
mouth  junction  in  Abbey  Farm,  and  this  quantity  is  slightly  in 
excess  of  the  discharging  capacity  of  the  8-foot  overflow  culvert. 

In  other  words,  a  rainfall  at  the  rate  of  ^  inch  per  hour  is 
sufficient  to  cause  flooding  in  the  lower  zone,  even  when  the  new 
culvert  is  connected  up.  When  we  consider  that  the  built  area 
here  provided  for  is  1925  acres,  and  that  the  total  area  of  the 
borough  is  8534  acres,  it  i§  evident  that  this  quantity  discharged 
by  the  high-level  zones  into  the  low-level  zone  will  be  in  time 
largely  exceeded.  In  this  calculation  the  rainfall  in  the  low-level 
zone  is  taken  at  T\2  inch  per  hour,  but  that  rate  of  fall  is  of  course 
often  greatly  exceeded.  What  we  have  to  provide  for  in  a  system 
of  overflow  sewers  is  not  a  continuous  rainfall,  extending  over  24 
hours,  which  rarely  does  much  harm,  but  the  sharp  sudden  rainfalls 
of  thunderstorms ;  they  are  the  falls  which  cause  all  the  flooding. 
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A  case  occurred  only  the  other  day  in  my  own  town,  when  1  •  43 
inches  of  rain  fell  in  25  minutes ;  that  of  course  was  very  excep- 
tional, but  Lynn  is  not  so  liable  to  thunderstorms  as  Leicester. 

It  will  be  seen  from  what  I  have  said  that  the  provision  which 
Mr.  Mawbey  has  made  in  designing  his  storm-water  outfall  is  not 
too  much,  and  I  venture  to  think  that  in  the  near  future  it  will  be 
found  insufficient ;  but  I  also  venture  to  suggest  that  it  may  by 
very  simple  means  be  made  sufficient,  viz.  by  excluding  all  the 
water  from  the  upper  zones  after  the  degree  of  dilution  has  been 
arrived  at,  above  which  the  storm-water  is  permitted  by  the 
Leicester  Extension  Act  to  be  discharged  into  the  river.  Mr. 
Mawbey  does  not  state  what  the  area  of  the  low-level  zone  is ;  but 
assuming  it  is  to  have  a  built  area  of  about  500  acres,  which  is 
probably  near  the  mark,  the  new  8-foot  culvert  would  take  a  rain- 
fall of  ^  inch  per  hour  from  this  area,  allowing  for  50  per  cent,  of 
the  water  to  reach  the  sewer  in  that  time,  provided  that  the  upland 
water  were  excluded  as  suggested,  and  this  would  be  a  very  fair 
amount  of  rainfall  to  allow  for. 

When  carrying  out  the  works  for  Leeds  this  system  of  excluding 
all  the  upland  waters,  after  a  certain  degree  of  dilution,  was  adopted ; 
the  arrangements  for  diverting  the  water  being  entirely  automatic. 
Where  the  gradients  permitted  it  leaping  weirs  were  used,  and 
where  the  gradients  were  too  flat  an  automatic  arrangement  which 
I  designed  was  utilised  for  the  purpose  of  diverting  the  storm  water. 

This  automatic  arrangement  consists  of  a  float-box,  which  rests 
on  the  crest  of  the  overflow  weir,  and  can  move  vertically  between 
gun-metal  guides.  The  float-box  is  suspended  by  chains  passing 
over  pulleys  keyed  to  the  same  axle  as  a  pulley  over  which  is  a 
chain  carrying  a  penstock  which  commands  the  outlet  for  the 
sewage  proper.  The  sewage  outlet  is  so  designed  that  when  the 
permissible  degree  of  dilution  is  arrived  at  it  shall  run  full,  and  at 
that  moment  the  float-box  shall  be  so  far  immersed  as  to  be  in  a 
state  of  equilibrium ;  if  a  greater  amount  of  storm  water  comes 
down,  the  float -box  rises,  closing  the  penstock  and  diverting  the 
storm  water  over  the  weir.  When  the  storm  abates  the  float-box 
falls,  opening  the  penstock,  and  the  sewage  takes  its  normal  course 
into  the  low-level  sewer. 

This  apparatus,  which  sounds  rather  complicated  on  paper,  is  in 
reality  very  simple  and  acts  perfectly  ;  several  of  them  have  been 
working  in  Leeds  for  years  and  give  no  trouble. 

By  adopting  these  expedients  the  quantity  of  upland  water 
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finding  its  way  into  the  lower  zone  sewers  can  be  reduced  practi- 
cally to  nil,  and  the  whole  capacity  of  these  low-zone  sewers  can 
then  be  devoted  to  dealing  with  the  rainfall  of  that  zone. 

Just  one  word  more  about  the  overflow  chamber  in  which  we 
had  such  a  sumptuous  luncheon.  No  doubt  it  makes  an  admirable 
dining  hall,  but  for  that  purpose  it  would  have  been  more  con- 
venient if  built  nearer  the  centre  of  the  town.  For  the  purpose 
for  which  it  is  ultimately  to  be  used  it  occurred  to  me  that  it  would 
have  been  equally  as  efficient  if  not  covered  over,  and  it  would 
certainly  not  have  been  such  an  expensive  construction  if  the  roof 
had  been  omitted  ;  for  in  addition  to  the  obvious  saving  in  the  roof, 
the  chamber  itself  might  then  have  been  made  very  much  smaller 
whilst  still  retaining  the  same  length  of  weir. 

Mr,  T.  Walker  writes  :  Having  seen  the  Leicester  Sewage  Farm 
shortly  after  sewage  was  first  applied  to  the  land,  I  was  agreeably 
surprised  to  find  the  farm  so  much  improved.  ]t  was  unfortunate 
for  the  credit  of  broad  irrigation  that  sewage  was  put  on  this  farm 
before  the  land  was  properly  levelled  to  receive  it,  so  that  instead 
of  sewage  getting  all  over  the  land  and  flowing  off  it  without 
ponding  and  stagnation,  the  land  was  rendered  unfit  for  cleansing 
the  sewage,  or  any  other  useful  purpose.  In  reference  to  the 
principle  adopted  of  leading  the  effluent  from  one  field  to  pass  over 
another  field  at  a  lower  level,  I  am  of  opinion  that  it  is  the  best 
and  only  way  on  this  subsoil.  The  effluent  we  saw  passing  from 
the  farm  was  thoroughly  cleansed,  and  as  an  evidence  that  it  is 
always  so,  there  was  no  sewage  plant  along  the  sides  of  the  stream 
showing  that  the  farm  is  doing  its  work  efficiently.  The  dish  or 
hollow  between  the  subsidiary  bringing  on  carriers  should  be  only 
sufficient  to  cause  the  water  flowing  down  to  unite  in  irrigating  the 
central  space ;  there  should  be  no  furrow  here,  it  is  not  required, 
and  it  is  over  the  subsoil  drain.  It  is  desirable  to  have  the  sewage 
flow  on  the  surface  for  as  long  as  possible.  The  land  cannot  be  too 
evenly  laid  down,  not  level,  but  without  low  or  high  places,  so  that 
the  sewage  may  flow  equally  over  every  portion  of  the  surface. 
When  land  is  once  so  prepared  it  can  be  ploughed  up  by  using 
Howard's  balance  plough,  without  making  ridges  and  furrows  as 
the  common  plough  does.  Some  of  the  grass  land  was  irrigated 
very  successfully  without  having  been  levelled ;  the  colour  of  the 
grass  showing  that  sewage  got  all  over  it.  On  one  field  I  noticed 
it  did  not  do  so  ;  this  is  a  loss  of  both  crop  and  of  useful  cleansing 
land.    I  have  seen  a  large  field  of  permanent  grass  successfully 
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levelled  by  passing  over  it  a  cultivator,  to  which  discs  had  been  at- 
tached which  made  cuts  about  4  inches  deep,  then  it  was  ploughed 
up  square  to  these  cuts ;  the  turfs  were  thus  made  into  pieces  about 
1  foot  square ;  these  were  laid  on  one  side,  the  ground  carefully 
levelled  to  the  desired  surface  and  the  turfs  replaced,  which  with  a 
little  soil  in  any  small  opening,  made  as  good  a  surface  for  irriga- 
tion as  could  be  desired.  Some  of  the  grass  fields  on  the  Leicester 
farm  would  be  very  much  improved  by  this  operation.  The 
experimental  ponding  on  such  a  subsoil  must  end  in  absolute 
failure.  The  roots  of  the  plants  and  the  surface  soil  with  recurring 
aeration  are  the  only  powers  of  cleansing  the  sewage  here. 

I  am  of  opinion  than  the  settling  tanks  might  be  improved  ;  the 
sewage  enters  them  with  too  much  commotion,  it  mixes  with  the 
decomposed  solids  and  is  rendered  fouler  and  more  stinking  than  it 
might  be.  I  suggest  that  the  sewage  should  quietly  enter  the 
tanks  120  feet  long  and  about  18  feet  wide,  with  screens,  skimmers 
and  sill  boards  for  assisting  the  decomposition  of  solids,  the  inverts 
of  the  inflow  and  outflow  being  even  with  the  floor  of  the  tank. 
The  sewage  would  thus  enter  and  pass  through  quietly  and  con- 
tinuously, and  not  be  decomposed  in  doing  so.  Some  half-dozen 
tanks  of  this  size  would  be  required,  three  or  four  in  use  at  a  time, 
and  each  cleansed  out  after  three  or  four  days'  use.  At  the  South 
Norwood  Farm  this  method  has  been  in  use  six  years  very  suc- 
cessfully, having  succeeded  similar  tanks  to  the  Leicester  ones. 
The  difficulty  in  getting  the  land  to  dry  off  after  sewage  is  applied 
will  decrease  as  the  land  is  better  levelled,  and  the  soil  worked  into 
a  finer  condition  by  cultivation.  If  possible  I  would  have  done 
without  the  subsoil  drainage,  but  as  the  outflow  goes  over  land  at 
a  lower  level  again,  its  evils  are  lessened.  The  Corporation  of 
Leicester  should  be  the  freeholders  of  the  entire  farm.  In  other 
matters  it  has  shown  such  a  noble  spirit  of  enterprise  that  I  expect 
in  a  few  years  this  will  be  done. 

Mr.  0.  H.  Cooper  writes :  In  common  with  those  who  had  an 
opportunity  of  speaking  I  have  great  pleasure  in  confirming  what 
has  been  said  as  to  the  splendid  way  in  which  Mr.  Mawbey  and 
the  Leicester  Corporation  entertained  the  Association  and  especially 
as  to  their  kindness  in  allowing  the  Members  to  inspect  the  working 
drawings  and  works  of  such  special  interest  as  those  undertaken 
not  only  for  the  improvement  of  Leicester,  but  for  the  prevention 
of  flooding  of  the  country  above  the  borough.  It  is  a  matter  of 
great  importance  that  flood  prevention  works  should  be  undertaken 
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in  various  parts  of  the  country,  and  it  will  be  a  matter  of  con- 
siderable interest  to  observe  what  the  effect  of  giving  free  passage 
to  storm  water  in  an  isolated  case  will  have  on  the  entire  drainage 
area.  Previous  experience  has  taught  that  the  catchment  areas  of 
rivers  should  be  treated  as  a  whole  and  not  that  parts  or  tributaries 
should  be  separately  dealt  with. 

Separate  System. 

I  am  fully  of  opinion  that  for  urban  districts  the  separate 
system  is  a  mistake.  In  the  first  place  it  is  impossible  to  exclude 
all  surface  water  from  the  foul  water  sewers,  and  in  the  second 
place  it  is  equally  impossible  to  exclude  all  foul  waters  from  the 
storm  water  sewers. 

As  the  flow  in  many  of  the  storm  water  sewers  is  intermittent 
and  for  the  greater  part  of  the  system  ceases  during  dry  weather, 
settlement,  foul  as  it  may  be  from  street  washings  and  gullies, 
remains  as  a  deposit  which  gives  off  most  offensive  smell.  During 
the  months  of  June,  July,  August  and  part  of  September  this 
year  I  had  constant  complaints  of  smells  from  surface  water 
sewers,  one  in  particular  which  had  lately  been  constructed  and 
was  in  no  wray  contaminated  with  sewage  or  sewer  air,  the  only 
matters  that  gave  rise  to  the  offensive  smells  being  the  street 
washings.  Taking  the  district  of  Wimbledon  as  a  whole  we  have 
had  at  least  forty  complaints  of  smell  from  surface  water  conduits 
for  one  from  sewers  for  sewage. 

The  reduction  in  the  amount  of  sewage  to  be  treated  due  to 
surface  water  sewers  is  considerable,  but  it  is  very  questionable  if 
storm  water  overflows  do  not  provide  the  best,  as  they  certainly  do 
the  cheapest,  means  of  relief  for  sewers  in  time  of  storm. 

Sewage  Farm. 

It  may  be  somewhat  out  of  place  to  criticise  the  work  carried 
out  by  the  late  Mr.  Gordon,  but  I  cannot  help  pointing  out  a 
serious  defect  that  exists  in  the  method  of  admitting  sewage  to  the 
tanks,  namely  by  letting  it  fall  in  the  form  of  a  low  fountain,  say 
2  feet  high,  and  again  giving  it  a  fall  of  6  to  8  inches  over  a  weir . 
dividing  the  supply  channel  from  the  tanks  ;  by  so  doing  the  sus- 
pended matter  is  broken  up  and  distributed  as  much  as  possible 
throughout  the  sewage,  which  in  consequence  requires  a  longer 
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period  of  rest  before  it  can  subside  than  it  would  have  required 
had  the  sewage  been  allowed  to  flow  quietly  into  the  tanks.  It  is 
no  doubt  contended  that  the  aeration  of  sewage  in  its  raw  state  is 
desirable,  but  it  must  be  remembered  that  the  conditions  under 
"which  sewage  and  effluent  are  aerated  are  entirely  different :  in  the 
case  of  sewage  you  have  a  large  amount  of  organic  matter  with 
few  nitrifying  organisms ;  in  the  case  of  its  effluent  this  organic 
matter  is  much  reduced,  whereas  the  number  of  nitrifying 
organisms  are  multiplied  to  a  considerable  extent.  It  is  needless 
to  state  that  it  is  by  means  of  these  organisms  that  oxygen  effects 
the  desired  change  in  organic  matters. 

These  tanks  effect  little  purification,  as  they  are  far  too  small,  and 
as  a  consequence  the  current  through  them  too  rapid. 

As  I  have  at  work  on  different  parts  of  the  Wimbledon  sewage 
farm  both  irrigation  with  sewage  which  has  not  been  chemically 
treated  and  that  which  has,  I  am  perhaps  in  a  better  position  to 
judge  of  the  respective  merits  of  both  systems  than  any  other 
surveyor.  The  effect  of  chemicals  is  to  expedite  precipitation,  but 
in  no  way  tends  to  precipitate  organic  matters  in  solution.  The 
increase  in  sludge  produced  by  the  action  of  chemicals  is  very 
great  and  is  not  only  due  to  the  amount  of  chemicals  added,  but  as 
in  the  case  of  lime  to  the  precipitation  of  inorganic  matters  in 
solution,  the  removal  of  which  does  not  tend  to  increase  the  purity 
of  the  effluent.  I  know  a  case  in  which  the  sludge  produced  is 
increased  70  per  cent,  above  the  normal  on  account  of  the  addition 
of  lime. 

The  effect  of  chemicals  is  more  or  less  to  sterilise  the  effluent 
and  so  retard  the  action  of  purification  that  takes  place  in  the  soil. 
If  Leicester  be  wise  it  will  not  resort  to  chemicals  as  a  means  of 
even  partly  treating  its  sewage. 

We  must  not  forget  that  the  good  people  (the  microbes)  who  effect 
the  purification  of  sewage,  like  ourselves,  require  oxygen.  The  effect 
of  turning  sewage  or  sludge  on  to  plots  and  allowing  it  to  stagnate, 
as  is  done  on  part  of  the  Leicester  farm,  is  unintentionally  to  slay 
these  good  folk  ;  in  fact  it  is  admitted  by  Mr.  Mawbey,  Sir  Thomas 
Wright  and  Mr.  Collins  that  after  the  ground  had  remained 
saturated  for  one  week  the  effluent,  which  had  for  the  first  few 
days  run  off  clear,  became  foul,  and  in  a  short  time  ran  off  fouler 
than  the  sewage.  80  far  from  slaying  our  friends  I  should  evoke 
the  sympathy  of  the  Leicester  Corporation  on  the  part  of  these 
workers  for  the  common  weal  and  thus  bring  to  their  notice  how  a 

F 


66 


MAIN  SEWERAGE,  ETC.,  OF  LEICESTER. 


more  genial  home  than  stiff  clay  can  be  provided  by  ploughing  in 
house  refuse  as  has  been  done  on  the  stiff  clay  of  the  Wimbledon 
farm. 

Mr.  Mawbey  writes  in  answer  to  the  correspondence  : — 
In  reply  to  Mr.  Silcock,  the  overflow  weirs  are  made  long  enough 
to  prevent  any  considerable  head  accumulating,  to  seriously  augment 
the  flow  to  the  low-level  districts.  The  2  inches  in  24  hours  was 
calculated  by  Mr.  Gordon  on  the  then  built  area  before  the  exten- 
sion of  the  borough  (then  1400  acres),  which  gives  a  provision  of 
about  1^  inches  in  24  hours  from  thu  present  built  area.  The 
storm  outfall  culvert  is  sufficient  to  discharge  a  volume  equal  to 
the  whole  of  a  rainfall  of  J  inch  per  hour  from  the  low-level  district, 
when  the  high  levels  are  being  relieved  by  the  local  storm  overflows. 
This  is  believed  to  represent  a  rainfall  of  about  \  inch  per  hour, 
taking  into  account  the  large  proportion  which  does  not  reach  the 
sewers  during  the  time  the  rain  is  falling.  Mr.  Silcock's  suggestion 
to  exclude  all  the  water  from  the  upper  zones,  after  a  certain  degree 
of  dilution  has  been  arrived  at,  is  already  provided  for  in  Mr. 
Gordon's  system  of  penstocks.  In  the  Leicester  sewage  there  is  a 
large  quantity  of  extraneous  matter  from  wool-scourers,  dye  works, 
&c,  and  doubtless  Mr.  Gordon  feared  that  a  penstock  working 
automatically  might  fail  to  open  again ;  in  which  case  the  crude 
sewage  would,  after  the  rain  ceased,  be  sent  into  the  canal,  causing 
serious  pollution,  which  might  continue  unobserved  for  some  time. 
There  are  obviously  several  strong  objections  to  such  a  storm  over- 
flow chamber  as  this  being  left  uncovered,  and  especially  so  near  to 
an  area  which  will  shortly  be  covered  with  dwelling  houses. 

In  reply  to  Mr.  Walker,  although  I  was  unable  to  make 
arrangements  to  proceed  earlier  with  the  preparation  of  the  surface, 
this  was  met  as  far  as  practicable  by  only  sending  a  portion  of  the 
sewage  to  the  farm  for  a  time  ;  still  we  were  at  a  disadvantage.  The 
effluent  streams  have,  up  to  the  present,  been  perfectly  free  of 
sewage  fungus. 

I  agree  with  Mr.  Walker  that  grips  should  not  be  ploughed  over 
the  subsoil  drains.  I  never  have  agreed  with  the  experimental 
ponding  up  of  the  sewage.  I  attach  much  importance  to  the 
opinion  of  such  an  experienced  gentleman  as  Mr.  Walker. 

In  reply  to  Mr.  Cooper,  a  general  Eivers  Conservancy  Act  of 
Parliament  is  highly  necessary  to  allow  rivers  to  be  dealt  with  as  a 
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whole  for  the  prevention  of  floods.  Some  considerable  alterations 
and  additions  are  certainly  necessary  in  the  way  of  tank  accommo- 
dation, &c,  which  will,  I  trust,  be  carried  out.  Mr.  Cooper's 
experience  at  Wimbledon  in  respect  of  chemical  treatment  is 
interesting  and  valuable ;  but  the  sewage  of  Leicester  is  altogether 
of  a  different  character  and  more  difficult  to  treat.  If  some  means 
could  be  devised  whereby  the  sludge  could  be  effectually  and 
sufficiently  precipitated  without  the  use  of  chemicals,  it  would 
certainly  be  preferable.  Mr.  Cooper  is,  I  think,  quite  right  as  to 
the  reasons  he  gives  against  damming  up  the  sewage  upon  the 
land. 
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DISTRICT  MEETING  AT  WESTMINSTER 


January  12,  1894. 

Held  at  the  Institution  of  Civil  Engineers,  Great  George  St.,  S.W. 
J.  T.  Eayrs,  President,  in  the  Chair. 


The  following  papers  were  read  and  discussed  : — "  Carriage-way 
Pavements,"  by  0.  Mason  ;  "  The  Jointing  of  Wood  Pavements," 
by  W.  N.  Blair ;  "  Hospital  Tents  at  Wimbledon,  by  0.  H.  Cooper. 

CARRIAGE-WAY  PAVEMENTS, 

WITH  SPECIAL  EEFEEENCE  TO  WHAT  HAS  EECENTLY 
BEEN  DONE  IN  THE  STEAND,  LONG  ACEE,  &c. 

By  CHAS.  MASON,  Assoc.  M.  Inst.  C.E. 

So  much  has  been  written  upon  the  subject  of  street  pavements, 
and  so  many  valuable  discussions  have  ensued,  both  at  the  meetings 
of  this  Association  and  at  meetings  of  other  kindred  societies,  that 
the  author  feels  a  certain  amount  of  diffidence  in  again  introducing 
the  subject. 

At  the  same  time  the  subject  is  such  an  important  one  for  all 
those  interested  in  the  engineering  works  of  our  cities  and  large 
towns,  that  any  means  whereby  a  technical  discussion  is  invited 
should  be  welcomed. 

As  this  paper  is  to  be  a  short  one,  the  subject  will  be  limited  to 
wood  pavements,  with  special  reference  to  the  author's  experience 
of  the  past  four  years  in  the  parish  of  St.  Martin-in-the-Fields. 
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Previous  to  the  year  1883  most  of  the  carriage-ways  in  the 
district  were  paved  with  granite  or  macadam ;  in  the  autumn  of 
that  year  the  Vestry  decided  to  repave  the  principal  thorough- 
fares with  wood,  about  one-third  of  the  whole  parish  being  then 
dealt  with. 

Yellow  deal  blocks,  9  by  3  by  6  inches,  were  used,  creosoted  and 
uncreosoted,  laid  upon  a  cement  concrete  foundation  6  inches  in 
thickness,  the  blocks  having  |-inch  joints  grouted  in  various  ways, 
the  work  being  done  by  contract. 

Sufficient  care  was  not,  in  many  cases,  taken  to  ensure  a  good 
contour  for  the  cross  sections,  the  consequence  being  that  many  of 
the  roadways  were  of  an  unsatisfactory  shape  both  for  traffic  and 
scavenging. 

The  carriage-ways  of  St.  Martin's  Lane  and  Trafalgar  Square 
(East),  now  existing,  were  part  of  the  1883  work,  and  are  examples 
of  wood  pavements  having  lasted  ten  years  in  the  centre  of  London. 
The  former  pavement,  however,  should  have  been  taken  up  last 
autumn,  as  it  is  doubtful  whether  it  will  last  until  the  autumn 
of  this  year. 

In  the  years  1890,  1891  and  1892,  plain  yellow  deal  blocks, 
9  by  3  by  6  inches,  were  used  in  all  cases  of  renewals,  the  author's 
reasons  for  using  such  materials  being  that  he  considered  the  traffic 
of  the  district  to  be  so  heavy  that  very  little  gain  in  the  life  of  the 
road  would  be  obtained  by  using  creosoted  blocks ;  and  he  is  still  of 
opinion  that  creosoting  the  blocks  does  not  materially  increase  the 
life  of  the  pavement  when  subject  to  an  exceptional  traffic,  although 
he  has  recently  advocated  and  is  now  using  creosoted  blocks  for 
sanitary  reasons,  and  as  being  a  better  pavement  for  scavenging 
purposes,  as  the  blocks  dry  more  quickly  than  the  plain  ones. 

In  the  majority  of  the  renewals  for  1890  the  blocks  were  laid 
with  a  | -in.  cross  joint,  formed  by  means  of  cast  metal  studs  and 
grouted  with  Portland  cement  and  sand  in  the  proportions  of  1  to 
3  by  measure.  Some  authorities  consider  the  studs  to  be  a  source 
of  danger  to  horses  by  being  liable  to  get  into  their  hoofs,  thus 
laming  them.  The  author  has  not  heard  of  any  such  cases,  and 
thinks  it  highly  improbable,  especially  if  the  small  cast  studs  with 
an  oblong  head  are  used,  as  by  the  time  the  studs  appear  on  the 
surface,  through  the  wearing  away  of  the  blocks,  they  will  have 
become  exceedingly  brittle  and  practically  harmless.  Large  square- 
headed  studs,  however,  were  at  one  time  manufactured  for  paving 
purposes,  to  which  objection  might  very  well  be  raised.    By  using 
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the  studs  as  a  means  of  making  a  uniform  joint,  a  firm  and  rigid 
road  is  also  ensured  before  the  grouting  is  commeuced,  as  where 
temporary  laths  are  used  the  courses  get  displaced  by  the  men 
when  grouting.  The  studs  also  prevent  the  wood  lifting  should  a 
storm  of  rain  take  place  before  the  grouting  is  completed. 

In  1890  the  repaving  of  Pall  Mall  East  was  carried  out  with 
blocks  laid  close  together,  without  any  transverse  joint,  grouted 
with  Portland  cement ;  but  as  this  was  somewhat  of  an  experiment 
it  was  thought  wise  to  make  some  allowance  for  expansion  in 
addition  to  the  ordinary  channel  joints  ;  a  |-inch  filled  with  sand 
space  was  consequently  left  across  the  road  at  every  tenth  row 
of  blocks,  or  at  about  2  feet  6  inch  intervals.  It  has  since  been 
proved  that  these  joints  were  unnecessary,  the  wood  not  having 
expanded  to  any  appreciable  extent  longitudinally. 

The  wood  paving  in  Northumberland  Street  was  laid  in  a 
similar  manner,  but  without  the  sand  joints,  and  has  been  found 
to  be  a  great  success,  so  much  so  that  in  the  year  1892  the 
granite  pitching  in  the  lower  portion  of  Viliiers  Street  was 
taken  up  and  the  substituted  wood  pavement  laid  "  close  jointed," 
and  although  the  upper  repaved  portion  has  a  gradient  of  1  in  21, 
there  is  a  better  foothold  than  on  the  granite. 

In  the  year  1891  the  author  had  about  two  thousand  yellow 
deal  blocks  (9  by  3  by  6  inches)  treated  with  the  preparation 
known  as  "  Carbolineum  Avenarius,"  which  is  largely  used  by 
railway  companies  for  preserving  sleepers,  and  has  also  been  used 
as  a  preservative  for  paving  blocks  in  several  provincial  towns, 
notably  in  Nottingham ;  these  blocks  were  experimentally  laid 
adjoining  some  plain  blocks  in  the  crossing  at  the  west  end  of 
Duncannon  Street.  The  trial  was  considered  satisfactory,  and 
in  the  following  year  30,000  more  blocks  were  similarly  treated, 
and  are  now  laid  in  the  central  portion  of  the  same  street.  The 
results  are  similar  to  creosote;  the  wood,  however,  dries  more 
quickly  after  rain,  and  in  hot  weather  the  surface  of  the  road 
always  appears  moist.  This  moisture  prevents  mud  adhering  tightly 
to  the  wood.  The  cost  of  treatment  is  about  the  same  as  creosote. 
The  blocks  are  simply  immersed  without  pressure  in  the  preparation 
for  from  ten  to  fifteen  minutes,  at  a  temperature  of  from  125°  to 
135°  F. 

The  chief  paving  works  of  last  year  (1893)  were  in  the  Strand, 
Long  Acre,  Charing  Cross  and  Cranbourne  Street. 

That  portion  of  the  Strand  within  the  limits  of  St.  Martin's 
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parish  extends  from  Charing  Cross  to  a  short  distance  eastward 
from  Exeter  Hall,  the  total  length  being  600  yards,  the  width 
between  the  kerbs  varying  from  30  feet  6  inches  in  the  narrowest 
part  to  42  feet  in  the  wider  portion.  The  area  is  8434  square  yards. 

The  pavement  recently  taken  up  was  laid  in  September  1889, 
and  consisted  of  9  by  3  by  6  inch  plain  yellow  deals,  grouted  with 
lime  and  sand.  A  short  length  of  about  40  yards  within  the 
eastern  boundary  of  the  parish,  however,  was  experimentally  paved 
with  "jarrah"  blocks,  5  inches  deep. 

It  was  found  that  in  four  years  the  deal  blocks  had  worn  down 
to  an  average  of  inches  in  thickness  in  the  narrower  parts  of 
the  road,  and  to  an  average  of  approximately  3%  inches  in  the 
wider  parts.  The  jarrah  wood  had  been  reduced  to  an  average  of 
4  inches  in  depth,  thus  losing  1  inch  as  against  2J  inches  for  the 
deal  blocks,  they  having  worn  to  an  average  of  3J  inches,  imme- 
diately adjoining  the  hard  wood.  This  can  hardly,  however,  be 
taken  as  an  accurate  test  of  the  relative  wear  of  the  two  materials, 
as  the  jarrah  was  laid  upon  an  unsatisfactory  foundation. 

Immediately  opposite  the  West  Strand  Post  Office,  adjoining 
Charing  Cross,  and  at  the  starting  place  for  omnibuses  going 
eastward,  the  6-inch  deal  blocks  (laid  in  1889)  had  worn  practi- 
cally through  in  twelve  months,  owing  to  the  tremendous  strain  on 
the  wood — the  road  at  this  point  has  a  gradient  of  1  in  35. 
This  portion  was  taken  up  in  September  1890,  and  repaved  with 
5-inch  jarrah  blocks,  laid  with  a  |-inch  joint  grouted  with 
Portland  cement,  the  usual  temporary  laths  (2  inches  by  § -inch) 
being  left  in  in  order  to  secure  a  joint  of  a  perfectly  uniform 
thickness  throughout.  This  hard  wood,  when  taken  up  last 
September  (1893),  had  worn  down  to  a  thickness  of  2J  inches  in 
the  line  of  traffic. 

This  may  be  taken  as  a  fair  illustration  of  the  comparative  life 
of  the  hard  and  soft  woods  when  subject  to  an  extraordinary  wear 
and  tear,  the  deal  having  worn,  say,  4 \  inches  in  12  months,  as 
against  the  hard  wood,  2|  inches  in  36  months,  being  in  the  ratio 
of  11  to  54,  or  practically  1  to  5. 

In  April  last  year  the  author  reported  to  the  Vestry  in  favour  of 
repaving  the  Strand  during  the  then  ensuing  autumn,  stating  the 
life  of  the  wood  had,  in  his  opinion,  been  shortened  a  year  by 
reason  of  the  enormous  amount  of  trench  work  in  connection  with 
the  laying  of  the  several  companies'  mains,  which  had  ruined  the 
foundation  ;  as  much  as  one-third  of  the  whole  area  of  the  carriage- 
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way  having  been  disturbed,  the  greater  part  during  the  progress 
of,  or  immediately  after,  the  work  of  repaving  in  1889. 
'  The  question  of  material  for  repaving  was  discussed  at  several 
meetings  of  the  Vestry  before  a  definite  conclusion  was  arrived  at, 
the  main  point  at  issue  being  "  hard "  v.  "  soft "  wood.  The 
author,  in  his  estimates  for  the  year,  submitted  alternative  prices 
for  paving  with  plain  deal  blocks  as  before,  creosoted  deal,  and 
Australian  hard  wood,  the  final  voting  of  the  Vestry,  after  several 
strong  discussions  on  the  relative  advantages  of  hard  and  soft  woods, 
being  in  favour  of  creosoted  deal  blocks,  as  now  laid,  the  advocates 
of  hard  wood  being  in  a  minority  of  two  or  three.  In  reporting 
upon  the  materials  the  author  advised  Australian  hard  wood, 
5  inches  in  depth,  stating  that  he  was  of  opinion  "  that  hard  wood 
should  be  laid,  as  owing  to  the  excessive  traffic  and  the  value  of 
the  shop  frontages,  any  material  that  will  cause  the  renewals  to  be 
less  frequent  should  be  adopted,"  and  that  if  the  hard  wood  were 
used,  he  estimated  the  life  of  the  pavement  would  be  increased  by 
at  least  five  years. 

The  estimates  per  superficial  yard  for  relaying  the  materials 
were  as  follows  : —  s.  & 

"Yellow  deal  plain,  9  in.  x  3  in.  x  6  in. .       .      .    6   6  per  sup.  yard. 

„        creosoted,  9  in.  x  3  in.  x  6  in.    .       .    7    8    „  „ 
Australian  hard  wood,  9  in.  x  3  in.  x  5  in.   .       .  11    6    :,  „ 

Provision  was  made  in  excess  of  the  above  prices  for  re-forming 
the  foundation  where  necessary. 

The  final  decision  of  the  Vestry  was  arrived  at  mainly  in  conse- 
quence of  the  hard  wood  being  in  their  opinion  too  noisy  a  pave- 
ment, and  also  liable  to  become  more  slippery  than  the  softer 
J  material.  There  may  be  an  objection  in  such  a  busy  thorough- 
fare to  any  increase  in  the  noise  of  the  traffic,  but  it  is  still  a 
matter  of  opinion  as  to  whether  the  hard  wood  is  more  slippery 
if  properly  cleansed,  and  statistics  on  this  point  would  be  of  value. 

It  will  be  noticed  in  the  estimate  that  hard  wood  was  recom- 
mended only  5  inches  deep,  whereas  the  deal  blocks  were  6  inches 
deep.  These  thicknesses  are,  in  the  authors  opinion,  excessive  for 
an  ordinary  street,  but  in  the  Strand,  where  so  great  an  outcry  is 
raised  against  the  repaving  works,  any  means  for  prolonging  the 
life  of  the  pavement  as  much  as  possible  should  be  adopted,  even 
at  the  expense  of  having  an  uneven  surface  for  the  last  year  or  two 
of  the  pavement. 

The  following  statistics  of  the  Strand  traffic,  kindly  furnished  by 
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Mr.  Arthur  Ventris,  the  Engineer  and  Surveyor  to  the  Strand 
Board  of  Works,  taken  in  April  1890  at  Wellington  Street,  will 
be  of  interest. 

Time  6  a.m.  to  12  midnight. 


Vehicular  Traffic  Travelling  Eastward. 


Cabs. 

Omnibuses. 

l-horse  vans 
or  carts. 

2  and  more 
horse  vans 
and  carts. 

l-borse 
carriages. 

2-horse 
carriages. 

Horses  and 
carts. 

Hand-trucks, 
barrows, 
and  cycles. 

Total. 

3530 

1811 

1326 

176 

252 

38 

10 

288 

7431 

Vehicular  Traffic  Travelling  Westward. 

3335 

1823 

1390 

184 

304 

46 

7 

404 

7493 

Totals  . 

6865 

3634 

2716 

360 

556 

84 

17 

692 

14924 

In  June  1892  further  particulars  as  to  the  omnibus  traffic  were 
taken  by  the  author  in  the  West  Strand,  when  it  was  proved  that 
the  number  of  omnibuses  averaged  in  the  busiest  parts  of  the  day 
53£  per  hour  each  way,  or  a  total  of  107  per  hour  more  than  in 
the  corresponding  hours  of  the  day  taken  by  Mr.  Ventris.  The 
total  omnibuses  for  four  unconsecutive  hours  being  respectively 
1012  in  1890,  and  1440  in  1892;  showing  an  increase  of 
nearly  40  per  cent,  in  the  'bus  traffic  for  the  three  years.  As 
many  as  402  omnibuses  passed  the  West  Strand  in  one  hour  on 
June  20,  1892,  or  at  the  rate  of  more  than  six  a  minute. 
These  figures  appear  almost  incredible,  but  one  has  only  to  watch 
for  a  few  minutes  to  prove  them  to  be  correct.  It  is  not 
to  be  supposed  that  the  other  traffic  has  increased  in  the  same 
ratio,  but  there  is  no  doubt  but  that  it  has  increased  considerably 
during  the  past  few  years.  You  will  be  able  to  gather  some  idea 
as  to  the  amount  of  traffic  from  these  figures,  and  consequent  wear 
and  tear  upon  the  pavement.  The  author  much  regrets  that  he 
has  not  had  time  to  take  further  particulars  of  the  traffic  up  to 
date,  but  hopes  at  some  future  time  to  give  the  Association  data 
which  will  form  a  useful  supplement  to  this  paper. 

The  actual  work  of  repaving  the  Strand  commenced  at  midnight 
on  Sunday,  September  3,  1893,  the  work  being  completed  at 
9  a.m.  on  September  22.  Work  was  continued  day  and  night, 
the  night  work  being  done  by  means  of  two  "Wells  lights" 
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consuming  about  two  gallons  of  oil  per  hour,  at  an  average  total 
cost  of  8d.  per  hour  exclusive  of  attendance.  The  working  hours 
were  for  the  day  men  from  6  a.m.  to  7  p.m.,  the  night  men  work- 
ing from  8  p.m.  to  5  a.m.,  with  the  usual  hours  for  meals ;  no 
work  was  done  after  6  p.m.  on  Saturdays  until  6  a.m.  on  Mondays. 
The  roadway  was  closed  for  traffic  in  three  sections,  viz. : — 

i.  From  Charing  Cross  to  Adelaide  Street  ; 

ii.  From  Adelaide  Street  to  Agar  Street ; 

iii.  From  Agar  Street  to  the  Parish  Boundary ; 
each  section  occupying  about  one-third  of  the  time. 

The  actual  paving  was  only  done  in  the  day-time,  as  it  was  not 
thought  desirable  to  do  more  than  the  rough  work  at  night.  The 
night  gang  consisted  of  15  labourers  and  a  foreman,  who  were 
occupied  chiefly  in  clearing  the  surface  of  the  foundation  for  the 
day  men. 

About  one-third  of  the  entire  surface  of  the  foundation  had  been 
destroyed  by  the  trenches,  and  had  to  be  remade  with  concrete 
composed  of  6  parts  of  gravel  and  sand  to  1  of  Portland  cement, 
the  floating  being  of  cement  and  sand  in  the  proportions  of  1  to  3. 

The  section  of  the  road  was  considerably  improved  by  raising 
the  lower  side  in  places  where  the  crossfall  required  it ;  a  fall  of 
as  much  as  1  in  16  previously  existed  from  the  crown  of  the  road 
to  the  channel  opposite  the  Tivoli  Music  Hall. 

All  this  has  been  materially  improved,  but  not  so  much  as  the 
author  desired,  the  levels  of  the  thresholds  preventing  the  forma- 
tion of  a  better  contour,  as  it  was  found  impossible  to  raise  the 
kerbs  in  some  places,  and  the  width  of  carriage-way  will  not  allow 
of  a  double  kerb  on  the  upper  side. 

The  wood  was  specified  to  be  "  of  the  best  Swedish  or  other 
approved  yellow  deals,  free  from  loose  or  dead  knots,  of  a  close  and 
uniform  grain,  to  have  no  shakes  or  sap,  and  to  be  equal  to  two 
sample  blocks  submitted  with  the  tender." 

The  author  does  not  consider  it  necessary  to  specify  "  perfectly 
well  seasoned  "  wood  for  paving  purposes,  the  wood  being  in  his 
opinion  better  if  it  contains  a  certain  amount  of  "  life,"  as  it  has  to 
be  always  more  or  less  in  a  damp  situation. 

The  creosote  was  specified  to  be  "  heavy  oil  tar,  free  from  all 
ammoniacal  water  and  containing  not  less  than  5  per  cent,  of  tar 
acids."  By  analysis  the  creosote  used  contained  12*75  per  cent, 
of  tar  acids,  and  72  *  25  per  cent,  of  tar  oils ;  the  residue  (boils 
above  315°  C.)  being  15*00  per  cent.     The  analyst's  remarks 
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were,  "  The  sample  contains  a  good  percentage  of  tar  acids,  but 
rather  a  small  amount  of  bodies  boiling  above  315°  0." 

The  whole  of  the  wood  blocks  were  laid  "close-jointed,"  this 
system  of  paving  being,  in  the  author's  opinion,  the  best,  as 
ensuring  a  cleaner  surface  for  scavenging  and  a  more  durable 
pavement,  being  subject  to  less  concussion  and  consequent  vibration 
than  when  laid  with  a  joint.  The  interstices  between  the  blocks 
were  grouted  with  liquid  Portland  cement  and  fine  sand. 

One  inch  to  every  10  feet  was  allowed  as  an  expansion  joint 
in  the  channels.  There  has,  however,  up  to  the  present  time 
been  practically  no  expansion ;  it  seems  that  no  hard  and  fast  rule 
can  be  made  for  expansion,  as  every  pavement  appears  to  act 
differently.  It  would  be  very  interesting  to  have  the  experience 
of  others  on  this  point. 

u  Karri "  wood  has  been  laid  opposite  the  West  Strand  Post 
Office  in  place  of  the  previous  "jarrah,"  a  portion  being  laid  close- 
jointed,  and  the  remainder  (about  one-half)  laid  with  a  f-inch 
joint  in  cement  as  before. 

The  total  cost  of  the  Strand  paving  in  1889  amounted  to 
2550Z.  19s.  9c?.,  being  at  the  rate  of  6s.  per  yard  sup.  The  work 
as  recently  carried  out  has  cost  3270Z.  Os.  Id.,  or  7s.  9d.  per  yard 
sup.,  the  increase  being  due  to  the  additional  foundation  work  and 
to  the  extra  cost  of  the  creosoted  blocks. 

The  paving  of  Long  Acre  has  been  executed  in  a  similar  manner, 
and  with  similar  materials  to  that  in  the  Strand.  The  foundation 
in  Long  Acre  was  also  found  to  be  in  an  unsatisfactory  condition, 
and  as  the  time  for  completion  was  not  so  important  as  in  the 
Strand  it  was  decided  to  reform  the  foundation  altogether.  This 
was  done,  and  floated  over  to  the  contour  (given  below)  adopted  by 
the  author  in  all  streets  where  a  new  section  is  required. 
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This  shape  approaches  very  nearly  a  hyperbola,  the  sides  being 
flatly  curved  and  the  crown  more  so,  and  in  the  author  s  opinion 
makes  the  best  form  for  a  wood-paved  road.  It  was  adopted  by 
Mr.  Deacon,  late  City  Engineer  at  Liverpool,  and  is  given  in  a 
paper  he  read  before  the  Institution  of  Civil  Engineers  in  1878. 

The  ordinate  r°  is  given  as         the  author  finds  this  rather 

excessive,   and  generally  makes  r°  =  The  contour  of 

Cranbourne  Street,  from  St.  Martin's  Lane  to  Charing  Cross  Eoad, 
recently  paved  with  wood,  was  worked  on  this  formula. 

The  wood  blocks  used  in  Long  Acre  and  Cranbourne  Street  were 
creosoted,  9  by  3  by  5  inches  ;  blocks  of  these  dimensions  are  now 
generally  adopted  in  St.  Martin's  parish,  the  Strand  having  been 
an  exception. 

The  following  is  the  author's  specification  in  all  cases  of  making 
good  after  the  pavements  have  been  disturbed  by  the  various 
Companies  for  the  purpose  of  laying  new  or  repairing  existing 
mains :  — 

Take  up  additional  paving  and  expose  the  concrete  foundation 

for  a  distance  of  at  least  12  inches  all  round  the  excavation. 

Dig  out  all  loose  rubbish  and  return,  fill,  and  ram  to  within 

12  inches  of  the  surface  of  the  foundation. 
Then  cart  away  all  surplus  material  resulting  from  excavation  of 

every  kind. 

Eack  back  the  edges  of  concrete  foundation  to  a  slope  of  1  in  3 
approximately. 

Fill  in  with  10  inches  of  Portland  cement  concrete  composed 
of  four  parts  of  clean  Thames  ballast,  two  parts  of  clean  river 
sand  to  one  part  of  Portland  cement,  all  by  measure. 

Float  over  the  remaining  two  inches  with  Portland  cement  and 
clean  sharp  sand  in  the  proportions  of  1  to  3,  by  measure. 

After  floating,  the  trench  or  hole  is  to  be  left  for  four  clear  days 
before  the  blocks  are  laid,  at  the  completion  of  which  tim6 
the  blocks  can  be  laid  and  carefully  grouted  up  with  cement 
and  sand  ;  the  traffic  not  to  be  allowed  over  until  three  clear 
days  have  elapsed  after  repaving. 

By  this  means  every  care  is  taken  to  get  as  good  a  job  as 
possible,  and  if  carefully  done  no  settlement  should  take  place. 
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Subways  for  underground  pipes  should  be  encouraged  beneath 
the  roadways  of  all  towns,  but  the  day  is  far  distant  when  such  a 
boon  to  the  municipal  engineer  will  be  universally  adopted. 

The  author  has  not  ventured  many  remarks  upon  the  relative 
merits  of  the  different  samples  of  hard  woods  now  being  introduced 
so  largely  for  paving  purposes  into  this  country,  but  there  is  little 
doubt,  in  his  opinion,  that  by  substituting  hard  for  soft  wood 
pavements  many  of  the  difficulties  we  now  experience  will  be  over- 
come, a  cleaner  and  more  sanitary  pavement  will  be  obtained,  and 
the  cost  of  periodical  renewals  very  much  reduced. 
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While  the  subject  of  carriage-way  pavements  has  received  con- 
siderable attention  during  the  last  few  years,  and  various  details  in 
relation  to  materials  and  contour  or  profile  have  been  gone  into 
very  thoroughly,  there  does  not  seem  to  have  been  the  same 
interest  displayed  as  to  a  point  which  appears  to  the  author  to  be 
of  the  greatest  importance  in  securing  a  pavement  comprising,  in 
as  high  a  degree  as  possible,  the  qualities  of  durability,  silence, 
facility  for  cleansing,  and,  as  a  consequence  of  the  foregoing, 
economy.  Safety  for  horses  is  also  another  important  item 
which  must  not  be  lost  sight  of,  and  which  is  influenced  by  the 
particular  subject  to  be  discussed  in  this  paper,  viz.  the  various 
methods  of  forming  the  joints,  more  particularly  in  wood  pave- 
ments. 

It  is  not  to  be  supposed  that  this  paper  is  a  complete  and 
exhaustive  treatise  on  even  this  particular  question,  but  it  is 
rather  prepared  to  invite  discussion  so  that  their  views  may  be 
expressed  by  some  of  those  who  have,  during  long  experience, 
tried  several  methods  and  have  persevered  in  striving  after  perfec- 
tion. 

Some  of  us  had  the  privilege  a  few  weeks  ago  of  listening  to 
an  admirable  paper  entitled  "Carriage-way  Pavements  for  large 


Cities,"  by  the  Surveyor  to  the  Board  of  Works  for  the  Holborn 
District,  wherein  the  various  materials  and  their  relative  cost  and 
characteristics  were  very  fully  described  in  a  very  interesting 
manner ;  but  the  paper  was  more  on  general  lines  than  technical, 
and  though  the  discussion  on  the  paper  was  valuable,  yet  it  was 
evidently  difficult  to  avoid  entering  into  details  which  were  purely 
technical,  so  it  is  hoped  that  this  paper  may  be  the  means  of 
bringing  under  consideration  some  of  the  very  points  which  the 
paper  by  Major  Isaacs  did  not  deal  with  at  any  length.  When 
speaking  of  granite  pavements  he  merely  stated  that  he  could  not 
advocate  the  use  of  pitch  and  tar  for  grouting,  as  commonly  used 
in  the  north  country,  as,  even  with  the  employment  of  the  best 
component  parts  and  the  greatest  care  in  their  admixture,  they  arc 
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apt  to  give  under  the  influence  of  the  sun,  with  disastrous  results 
to  the  pavement  and  to  those  pedestrians  who  may  have  occasion  to 
walk  on  it.  When  speaking  of  wood  pavement  Major  Isaacs 
remarked  that  the  usual  practice  until  recently  was  to  have  £-inch 
or  f -inch  joints  grouted  with  Portland  cement  and  sand,  though 
of  late  the  blocks  had  been  laid  close  together,  with  a  result 
that  longer  life  was  attained.  The  form  of  joint  adopted  by  the 
Improved  Wood  Pavement  Company  was  also  mentioned,  in  which 
hot  tar  and  pitch  are  first  run  into  the  joints  to  a  depth  of  1  inch 
or  1 J  inch,  and  the  rest  of  the  joint  grouted  with  cement  and  sand. 

But  to  come  to  the  point.  The  questions  to  be  considered  in 
this  paper  are : 

1.  Is  it  desirable  to  pave  wood  blocks  in  actual  contact  with  each 
other  on  all  sides  ? ;  or, 

2.  Is  it  preferable  to  leave  a  space  between  the  blocks  to  be 
filled  up  with  some  other  material  ? 

3.  What  should  that  material  be  ? 

4.  Of  what  width  should  such  spaces  be  ? 

With  regard  to  these  questions  it  is  to  be  noted  that  some 
engineers  always  pave  wood  blocks  as  close  as  they  can  be  driven 
up,  even  using  sledge  hammers,  while  others  always  adopt  a  |-inch 
joint.  Again,  some  engineers  always  use  a  grout  of  cement  and 
sand  ;  others  use  lias  lime  and  sand,  and  others  use  a  bituminous 
mixture  of  tar  and  pitch,  or  tar  alone,  or  pitch  and  creosote  oil ; 
some  use  coal  tar  and  some  use  Stockholm  tar.  So  far  as  the 
author  is  aware  it  is  not  out  of  consideration  for  the  nature  of  the 
wood  being  laid  that  the  practice  is  so  varied,  nor  with  regard  to 
the  situation  of  the  work,  so  that  it  cannot  be  possible  that  the 
results  are  equally  good.  No  doubt  some  cases  have  occurred 
where  it  has  not  been  left  to  the  engineer  responsible  for  the  work 
to  adopt  his  own  method  of  carrying  out  the  work,  but  other 
fancies  have  prevailed ;  still  it  is  hoped  that  the  Members  of  the 
Association  will  freely  express  their  views  on  the  subject,  giving 
their  practice  and  their  reasons.  It  is  not  to  be  imagined  that 
the  difference  in  the  first  cost  of  executing  the  work,  so  far  as  the 
jointing  and  grouting  are  concerned,  can  have  any  serious  effect 
on  deciding  the  method  to  be  adopted,  for  such  difference  is  so 
slight,  as  will  be  shown  presently  from  ascertained  cost. 

As  it  might  reasonably  be  expected  that  the  expansion  or 
contraction  of  the  wood  employed  might  have  something  to  do 
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with  the  determination  of  the  answer  to  the  above  questions,  the 
following  figures  have  been  ascertained  by  the  author : 


Measurement  lengthwise. 

Weight. 

Weight 

Linear 

Per- 

When 
received. 

After 
drying. 

After  1 
days  in 
water. 

When 
received. 

After 
drying. 

After  7 
days  in 
water. 

per 
cube 
foot. 

Specific 
gravity. 

expan- 
sion per 
cent. 

centage 
of  water 
absorbed. 

12  yellow 
deal  blocks, 
nominally 
3"x  6"x9" 

ft.  in. 
9  Oi 

ft.  in. 
9  OJ 

ft.  iD. 
9  2 

lb.  oz. 

lb.  oz. 
32  0 

lb.  oz. 
39  8 

lb. 
28-05 

•450 

1-32 

23-44 

12  Jarrah 
blocks, 
nominally 
3"x5"x9" 

9  0 

8  11 

9  Oi 

60  12 

56  0 

62  0 

66-461 

1-064 

1-4 

10-71 

12  Karri 

blocks, 
nominally 
3"x5"x9" 

9  2| 

9  If 

92  * 

66  15 

62  10 

67  8 

69-942 

1-120 

•74 

7-77 

It  may  be  remarked  that  these  weights  do  not  agree  with  the 
figures  frequently  quoted  as  the  results  of  tests  by  Mr.  Thomas 
Laslett,  timber  inspector  to  the  British  Admiralty  Department,  in 
which  jarrah  is  given  as  63*12  lbs.  per  cubic  foot,  and  karri 
61-31,  the  respective  specific  gravities  being  1*010  and  '981. 
But  the  author  has  never  yet  found  a  karri  block  that  would  float 
in  water,  while  jarrah  has  been  found  as  light  as  "855  specific 
gravity,  and  it  is  suggested  as  just  possible  that  the  first  quotation 
taken  from  Mr.  Laslett  may  have  had  the  names  of  the  woods 
transposed,  and  if  so  all  subquotations  would  be  thrown  into  error. 

From  the  author's  figures  it  is  shown  that  Australian  woods 
shrink  and  expand  to  a  considerable  extent  under  the  conditions 
of  dryness  and  saturation,  but  at  the  same  time  their  capacity  for 
absorbing  water  is  much  less  than  that  of  yellow  deal,  indeed  in 
this  respect  they  compare  favourably  with  a  good  gault  brick, 
which  is  rarely  found  to  absorb  less  than  10  per  cent,  its  weight 
of  water.  It  is,  of  course,  due  to  this  variation  in  dimension  that 
such  trouble  is  often  caused  in  wood  paved  roads,  necessitating 
either  the  cutting  out  of  a  channel  course  or  the  resetting  of 
kerbing  and  footway  paving,  and  all  this  more  than  once,  for  the 
action  is  repeated  so  long  as  the  pores  of  the  wood  are  not  per- 
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manently  filled.  More  particularly  is  this  the  case  with  the  softer 
woods ;  but  the  Australian  woods  are  not  exempt,  for  the  author 
is  aware  of  a  case  of  a  roadway,  36  feet  wide,  paved  with  karri 
blocks  with  f-inch  joints  grouted  with  cement  and  sand,  laid 
between  12-inch  granite  channel  blocks,  where  the  kerbs  and 
footways  have  twice  been  relaid,  and  now  need  it  again,  and  all 
within  two  years  of  the  first  construction  of  the  road.  Another 
case  can  be  instanced  where  a  carriage-way,  39  feet  wide,  was 
paved  with  jarrah  blocks,  with  \  and  f-inch  joints  grouted  with 
cement  and  sand.  When  the  road  was  being  paved  a  3-inch  joint 
next  the  kerb  was  formed  by  first  laying  a  3-inch  deal  along, 
which  was  removed  as  soon  as  the  grouting  was  set.  In  four 
days  this  joint  was  taken  up ;  then  a  channel  course  was  taken  out 
and  split,  but  expansion  continued  until  one  4  inches  on  each  side 
of  the  road  was  measured,  and  that  seems  to  have  been  the  maxi- 
mum. A  case  of  a  roadway  paved  with  pickled  yellow  deal  blocks, 
with  cement  joints,  was  lately  brought  to  the  author's  notice,  in 
which  the  expansive  force  had  been  sufficient  to  fracture  the  gully 
gratings  as  well  as  to  displace  the  kerbs.  Many  similar  instances 
might  be  named,  but  there  is  no  need  for  them,  only  it  should  be 
noticed  that  in  every  case  cement  grout  was  used  in  filling  a 
£-inch  or  f-inch  joint. 

The  other  side  of  the  case  is  as  follows  : — The  author  has 
laid  roads,  varying  from  22  feet  to  48  feet  in  width,  with  yellow 
deal,  pitch  pine,  jarrah  and  karri,  with  ^-inch  and  y^-inch  joints, 
regulated  by  a  lath  of  that  thickness  and  1  inch  wide  laid  on 
edge  in  the  bottom  of  the  joint  and  left  there,  the  cross  joints 
being  left  open  the  same  width,  but  without  the  lath.  The  channel 
joints  have  been  from  f  inch  to  1J  inch,  and  the  whole  of  the 
joints  filled  with  a  hot  compound  of  pitch  and  creosote  oil,  pro- 
portioned suitably  to  obtain  a  freely  ductile  mixture  at  a  tempera- 
ture of  about  60°  F.,  the  proportions  being  usually  1  cwt.  of 
pitch  to  1J  or  2  gallons  of  oil,  some  variation  being  necessary  to 
meet  the  differences  in  quality  of  the  pitch.  This  compound  is 
poured  over  the  paving  out  of  a  bucket,  and  a  rubber  squeegee  is 
used  to  push  forward  the  fluid,  so  that  as  little  as  possible  remains 
on  the  surface. 

In  all  the  work  done  in  this  way  no  case  has  occurred  of  any 
pressure  being  exerted  on  the  kerbs,  in  fact  the  channel  joints 
being  now  practically  the  same  width  as  they  were  when  first 
formed.  Nor  has  the  statement  made  by  Major  Isaacs  as  to  disastrous 
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results  to  traffic  been  confirmed.  It  is  true  that  a  faultless  result 
was  not  obtained  in  the  first  attempt  with  the  pitched  joint,  and 
Tottenham  Court  Eoad  may  be  instanced  as  a  case  by  no  means 
perfect ;  but  when  it  is  remembered  that  the  work  there  was  done 
by  men  who  had  never  used  a  pitch  boiler  before,  and  had  no  ap- 
preciation of  the  importance  of  obtaining  a  definite  consistency  in 
the  mixture,  nor  had  they  any  knowledge  of  how  to  apply  it,  the 
deviation  from  perfection  in  the  work  may  be  excused.  The  blocks 
used,  moreover,  were  not  true  in  gauge,  being  "  cut  from  the  deals 
as  imported,"  and  it  was  found  that  the  width  varied  as  much  as 
f  inch  and  even  ■§  inch,  rendering  it  impossible  to  keep  the  joints 
of  even  width,  so  that  in  a  few  places  the  blocks  did  not  remain 
in  contact  with  the  concrete  foundation,  but  floated  up  by  reason  of 
the  pitch  retaining  its  heat,  and  insinuating  itself  under  the  blocks. 

In  subsequent  work,  however,  these  defects  were  avoided,  and 
the  cases  of  Park  Street,  Camden  Town ;  Torrington  Place, 
Gordon  Street,  and  other  streets  on  the  Bedford  Estate ;  Euston 
Eoad,  near  Fitzroy  Street ;  and  the  west  side  of  Argyle  Square, 
may  be  instanced  as  typical  examples  of  the  pitch-jointed  system 
of  paving.  Euston  Road,  near  the  Midland  Hotel,  was  laid  with 
jarrah  wood  with  cement  joints  by  special  order  of  the  Vestry 
whom  the  author  has  the  honour  to  serve,  and  it  was  in  this  case 
where  the  excessive  expansion  of  4  inches  on  each  side  took  place. 
Another  method  of  jointing  was  adopted  in  Drummond  Street, 
adjoining  the  Euston  Hotel,  which  road  is  paved  with  pitch-pine 
blocks  set  on  the  concrete,  with  3-inch  strips  of  tarred  felt  in  the 
joints  to  keep  a  space  of  J  inch  between  the  courses,  the  work 
being  afterwards  flushed  over  with  the  pitch  and  oil  mixture.  The 
result  is  quite  satisfactory,  but  the  cost  of  the  felt  was  considerable, 
amounting  to  nearly  3d.  per  super  yard,  whereas  the  laths  cost 
less  than  Id.  per  super  yard.  Close  observation  of  the  pitch-jointed 
roads  has  led  to  its  being  noticed  that  occasionally  both  course 
joints  and  cross  joints  show,  in  the  early  morning  before  traffic  is 
heavy,  a  slight  projection  above  the  surface  of  the  blocks,  evidently 
caused  by  the  pitch  joint  being  squeezed,  doubtless  by  the  expansion 
of  the  wood  ;  and  at  other  times  the  joints  may  be  found  a  trifle 
slack  or  hollow,  but  without  any  fissure  being  formed,  and  the  author's 
theory  is  that  it  is  the  plasticity  of  the  pitch  joint,  which  squeezes 
under  pressure,  that  prevents  the  usual  displacement  of  kerbs. 

It  is,  of  course,  admitted  on  all  hands  that  an  open  or  wide  joint 
greatly  reduces  the  life  of  the  wood,  as  the  fibre  is  allowed  to  spread 
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and  disintegration  follows.  This  effect  is  a  matter  of  degree — the 
wider  the  joint  the  greater  the  injury — and  with  no  joint  at  all  the 
defect  is  eliminated  ;  but  the  author's  opinion  is  that  a  joint  of  J  or 
Yq  inch  does  not  cause  any  appreciable  injury  to  the  wood  if  filled 
with  pitch,  which  is  not  subject  to  the  same  action  as  cement  grout 
by  being  pulverised  by  traffic. 

It  is  also  generally  recognised  that  joints  foster  dirt,  and  dirt 
causes  danger  to  traffic  as  well  as  discomfort  to  those  who  pass  along 
or  live  in  the  street ;  and,  further,  joints  induce  noise,  or  rather 
joints  are  the  cause  of  noisy  traffic.  On  this  last  contention  the 
case  of  Little  St.  Andrew  Street,  leading  southward  from  Seven 
Dials,  may  be  instanced,  for  there  the  jarrah  blocks  are  laid  with 
I -inch  joints  with  cement  grout,  and  the  cross-joints  are  all  in 
line  in  alternate  courses,  so  that  not  only  are  the  courses  becoming 
rounded  by  the  edges  of  the  blocks  spreading  at  the  joints,  but  the 
road  is  becoming  grooved  longitudinally  in  the  lines  of  the  cross 
joints,  the  general  effect  being  a  noisy  road  scarcely  distinguishable 
from  the  granite  paving  at  the  south  end  of  it. 

The  system  adopted  in  the  Parish  of  St.  Marylebone  of  laying 
yellow  deal  blocks  as  close  as  they  can  be  driven,  and  flushing  the 
paving  over  with  hot  tar,  using  brushes  to  push  the  fluid  forward 
to  prevent  accumulation  on  the  surface,  has  produced  the  pavements 
of  Marylebone  Eoad,  Great  Portland  Street,  Oxford  Street,  and 
others,  which  are  certainly  among  the  finest  pieces  of  paving  in 
London.  The  work  done  in  the  west  end  of  the  Strand  a  few 
months  ago  was  varied  from  the  above  in  that  the  blocks  were 
creosoted  and  the  grout  was  cement ;  but  I  think  it  will  be 
admitted  that  this  did  not  enter  the  joints ;  one  block  the  author 
saw  lifted  showed  traces  of  cement  only  where  a  cross  joint  in  the 
adjoining  course  had  abutted  on  it. 

Another  variety  in  the  method  of  laying  has  been  tried  in 
Chelsea,  where  each  block  was  dipped  in  a  box  containing  a  hot 
pitch  mixture  and  immediately  placed  close  up  to  the  adjoining 
blocks,  and  the  surface  of  the  paving  was  afterwards  flushed  over 
with  hot  pitch.  If  the  surveyor  is  able  to  inform  the  Association 
as  to  the  cost  of  laying  by  this  method,  and  of  his  views  as  to  the 
advantages,  having  in  mind  the  rate  of  progress  made,  it  would  be 
information  useful  to  the  Association  generally  and  of  value  to  the 
author. 

Some  years'  experience  in  a  Midland  town  where  cement  grouting 
was  used,  and  afterwards  a  similar  period  in  more  northern  towns 
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where  the  joints  were  invariably  made  with  pitch,  has  induced  the 
author  to  form  a  preference  for  the  bituminous  joint,  and  while 
claiming  that  the  weight  of  evidence  is  in  support  of  that  pre- 
ference he  admits  that  on  one  head  the  case  is  the  other  way. 
The  relative  merits  and  demerits  of  the  two  methods  are  as 
follows : 


Pitch  Grout 

Allows  joints  to  be  reduced  to 
inch  wide,  and  in  case  of  soft  wood 
the  blocks  may  be  in  close  contact, 
so  preventing  the  spread  of  the  fibre 
and  preserving  a  smooth  surface, 
and  the  full  life  of  the  wood  made 
available. 

Being  more  or  less  elastic  the  joint 
absorbs  expansion,  and  gives  way  to 
contraction  of  the  blocks,  so  that 
no  movement  is  transferred  to  the 
channels,  and  no  pressure  brought  to 
bear  against  the  kerb  to  cause  its 
displacement. 


The  joint  next  the  kerb  does  not 
alter  from  the  time  of  the  first  com- 
pletion of  the  work. 


The  pavement  is  always  imper- 
vious, and  the  pitch  joints  preserve 
the  blocks. 


Traffic  may  be  turned  on  to  the 
work  immediately  the  joints  are 
run. 


Pitch  joints  can  only  be  properly 
made  on  dry  material,  and  in  wet 
weather  it  is  necessary  to  cover  the 
blocks  with  tarpaulins. 

The  cost  of  this  work  has  been 
ascertained  to  be  Id,  per  superficial 
yard. 


Cement  Grout 

Kequires  a  joint  at  least  \  inch 
wide ;  this  eventually  causes  the 
formation  of  a  "  corduroy  "  road  as 
the  edges  of  the  courses  get  bruised, 
and  the  result  is  a  noisy  road  and  the 
life  of  the  blocks  is  reduced. 

The  material  being  rigid  is  inca- 
pable of  compensating  for  expansion 
or  contraction  in  the  blocks,  and  all 
expansion  is  transmitted  to  the 
channels,  displacing  the  kerb  and  foot- 
ways, or  requiring  the  cutting  out  of 
the  whole  or  part  of  a  channel  course. 
This  action  happens  repeatedly  and 
involves  considerable  expense  in  la- 
bour and  material. 

There  is  invariably  an  irregular 
joint  next  the  kerb,  and  by  reason  of 
wheels  running  on  the  edge  of  the 
channel  course  the  wood  is  bruised 
and  a  rut  is  formed. 

As  the  blocks  shrink  when  dry 
they  become  loose  in  the  jointing 
material,  the  pavement  is  no  longer 
impervious,  grit  fills  the  open  joints, 
and  on  expansion  again  occurring  the 
pressure  on  the  kerb  is  repeated. 
There  is  also  the  injurious  effect  of 
moisture  on  the  blocks. 

Cement  grout  joints  require  to  be 
left  a  week  to  set,  or  will  be  disinte- 
grated by  traffic.  This  involves  a 
road  being  closed  a  week  longer  than 
the  time  occupied  by  the  execution 
of  the  work. 

Cement  grout  joints  may  be  run 
in  any  weather. 


The  cost  of  this  work  is  found  to 
have  been  Gd.  per  superficial  yard. 
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If  these  conditions  are  accepted  as  correct  it  remains  that  the 
cement  joint  is  only  superior  to  the  pitch  joint  in  respect  of 
progress  during  wet  weather,  for  the  difference  in  cost  of  Id.  per 
yard  by  no  means  represents  the  economy  effected  in  work  caused 
by  the  expansion  of  the  wood,  apart  altogether  from  the  increased 
durability  of  the  wood  and  the  greater  cleanliness  obtainable.  It 
is  therefore  a  strange  thing  and  hard  to  be  understood,  why 
engineers  should  endeavour  to  harmonise  two  materials  so  essen- 
tially different  as  wood  and  Portland  cement,  the  one  subject  to 
all  sorts  of  variation  in  form,  and  the  other  an  absolutely  rigid 
substance  which  yields  only  by  fracture. 

It  is  not  the  same  where  granite  setts  are  jointed  with  cement, 
for  the  contradiction  just  referred  to  does  not  apply,  and  while  the 
author  would  contend  that  a  pitch  joint  is  distinctly  preferable 
with  granite  or  other  stone  pavement,  as  it  reduces  the  noise 
produced  by  traffic  and  secures  impermeability,  with  several  minor 
advantages,  yet  it  is  not  so  essential  as  with  wood  pavements. 

The  author  ventures  the  observation  that  even  the  metropolis 
might  learn  something  by  giving  consideration  to  methods  by 
which  work  is  produced  in  some  of  the  provincial  towns.  Muni- 
cipal engineers  in  London  almost  unanimously  continue  the  use  of 
cement  or  lime  as  a  means  of  filling  the  joints  in  their  pavements, 
whereas  their  brethren  in  the  provinces  very  largely  use  pitch,  as 
for  instance  Manchester  and  Liverpool,  which  both  use  pitch  without 
exception,  and  it  may  be  doubted  whether  even  London  can  show 
better  pavements  generally  than  these  towns,  where  the  traffic  is 
in  many  streets  heavier  than  London  traffic. 
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DISCUSSION. 

Major  Isaacs:  My  name  has  been  referred  to  in  one  of  the 
papers,  that  last  read  by  Mr.  Blair,  and  possibly  it  may  be  expected 
that  having  read  a  somewhat  exhaustive  paper  on  "  Carriage-way 
Pavements  for  Large  Cities  "  at  the  Society  of  Arts,  I  may  be  pretty 
well  primed  on  the  subject  and  have  some  observations  to  make  on 
these  papers.    I  was  much  interested  with  both  papers ;  they  are 
useful  contributions  to  the  archives  of  our  Association,  and  contain 
matter  well  deserving  of  our  consideration.    I  think  the  subject  of 
most  practical  value  to  us  is  as  to  the  desirability  of  having  joints 
in  wooden  pavements,  and  if  we  have  joints  what  shall  be  their 
width,  and  what  shall  be  the  material  for  filling  those  joints  ?  I 
hope  there  will  be  no  pitched  battle  between  engineers  of  the  North 
of  England  and  of  London,  for  it  seems  we  are  quite  at  daggers 
drawn  over  the  material  to  be  used  for  jointing.    I  refer  to  the 
practice,  with  which  I  am  very  familiar,  of  using  pitch  and  tar,  or 
pitch  and  creosote  in  the  cities  of  Liverpool  and  Manchester.  I 
instanced  in  my  paper  at  the  Society  of  Arts,  the  fact  that  on  one 
occasion  when  I  was  in  Manchester,  I  walked  along  Shude  Hill  on 
a  very  hot  day,  when  the  pavement  was  covered  with  tar,  which 
had  oozed  on  to  the  surface.    I  carried  home  a  very  considerable 
part  of  that  grouting,  and  was  very  much  rated  by  my  landlady  for 
bringing  this  souvenir  of  a  Manchester  pavement.    This  may 
have  been  due  to  an  exceptional  cause,  the  material  may  not  have 
been  good,  the  heat  may  have  been  intense,  but  an  ounce  of 
practice  is  worth  a  ton  of  theory  ;  and  I  came  to  the  conclusion 
that  it  was  not  a  suitable  substance  for  grouting  any  roadway 
subject  to  large  traffic,  and  where  the  traffic  would  cause  the  road- 
way to  rock.    I  was  pleased  to  hear  that  this  matter  had  given 
rise  to  a  good  deal  of  discussion.    The  joint  in  a  wooden  pavement 
causes  the  blocks  to  separate,  and  makes  them  the  receptacles  of  a 
large  amount  of  matter  which  gives  off  an  offensive  effluvium  in 
certain  states  of  the  atmosphere,  and  must  also  tend  to  lessen  the 
life  of  a  wooden  pavement.    So  much  for  the  joint  of  the  pavement. 
Now  I  come  to  the  consideration  of  the  material.    We  have  heard 
Mr.  Mason's  views  on  creosoted  and  non-creosoted  blocks.  We 
have  heard  the  experience  of  both  engineers  as  to  the  so-called 
hard  woods,  the  jarrah  and  the  karri.    It  is  my  opinion  that 
any  value  which  might  be  obtained  by  the  use  of  creosote,  is  more 
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than  counterbalanced  by  the  danger  of  having  inferior  material  put 
into  the  creosote  pot.    I  have  a  clause  in  my  agreement,  when 
purchasing  yellow  deal  blocks,  giving  me  the  right  to  send  a  man 
to  inspect  the  blocks,  and  see  if  there  is  any  undue  amount  of  sap 
or  knots  in  them,  with  power  to  reject,  and  I  have  known  instances 
where  I  have  rejected  as  much  as  10  per  cent,  of  the  material 
delivered  on  the  ground.    I  should  like  to  know  what  I  could  have 
done  if  I  had  had  the  material  creosoted,  or  had  not  reserved  the 
right  to  send  a  man  down  to(the  place  equipped  with  ample  powers 
to  reject  inferior  material.    I  do  not  think  it  matters  much  to  the 
life  of  the  pavement  in  London  whether  you  creosote  or  not.  And 
what  risk  do  you  run  ?    You  may  have  the  very  worst  material 
simply  coloured.    I  am  going  to  say  a  word  about  a  point  in  wood 
paving  not  touched  upon  to  night:  the  failure  of  wood  paving 
from  a  sanitary  or  hygienic  point  of  view.    We  shall  have  very 
seriously  to  turn  our  attention  to  that  branch  of  the  subject.  You 
cannot  have  failed  to  observe  from  what  scientists  have  said  as  to 
organic  diseases  that  were  clearly  traceable  to  the  large  use  of  wood 
in  cities  like  London,  that  we  shall  have  to  turn  our  attention  to 
that  part  of  the  subject.    There  can  be  no  doubt  whatever,  taking 
only  the  evidence  of  our  sense  of  smell,  that  there  is  in  wooden 
pavements  a  hidden  danger,  and  I  have  heard  physicians  say  it  is 
one  of  the  causes  of  the  large  amount  of  diphtheria  to  which 
London  has  been  subject  during  the  past  season.    Our  thanks  are 
due  to  the  authors  of  both  papers,  and  I  have  much  pleasure  in 
moving  that  the  thanks  of  the  Association  be  accorded  to  Mr. 
Mason  and  to  Mr.  Blair.    I  have  been  asked  if  I  can  explain  the 
cause  of  the  serious  holes  in  the  asphalt  pavements  of  New  Oxford 
Street  and  Holborn.    They  are  caused  by  the  application  of  rock 
salt  for  the  dispersion  of  the  snow.    In  those  two  streets  we 
managed  to  keep  the  roadway  cleared,  but  it  has  been  at  a  very 
great  cost. 

Mr.  H.  Percy  Boulnois  :  We  have  heard,  Sir,  the  champion 
for  the  metropolitan  practice  on  the  "  pitched  "  battle  of  joints,  to 
use  the  very  apt  term  Major  Isaacs  has  given  it.  I  appear  with  Mr. 
Blair  in  support  of  the  provincial  practice.  Before  coming  to  the 
subject  of  joints  I  should  like  to  congratulate  you,  Mr.  President, 
upon  having  organised  this  meeting,  and  for  having  given  your 
provincial  brethren  a  chance  of  attending.  It  is  an  admirable 
thing  for  the  Association  and  for  the  Members,  and  I  hope  it  will 
be  continued.    Reading  Mr.  Mason's  paper,  I  was  struck  by  the 
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traffic.  I  felt  what  a  grievous  pity  it  was  that  all  questions  of 
traffic  were  not  reduced  to  a  standard.  We  are  absolutely  working 
in  the  dark  until  we  can  compare  notes  with  each  other  as  to  the 
weight  a  road  has  to  bear.  If  this  could  be  reduced  to  tons  per 
yard  width  of  roadway  per  annum,  we  should  then  have  some 
standard  to  go  upon.  Without  that  it  is  very  difficult  to  judge 
all  these  statistics  which  are  given  us.  Passing  to  another 
point  of  the  paper  as  regards  the  contour  of  the  carriage-way, 
Mr.  Mason  has  given  the  excellent  contour  which  Mr.  Deacon,  my 
predecessor,  designed.  But  you  must  recollect  that  was  designed 
for  granite  paving ;  but  for  wood  a  flatter  grade  would  be  neces- 
sary, and  I  think  Mr.  Mason  has  been  wise  to  reduce  the  cosine  to 

^  instead  of  ^    He  has  probably  found  that  is  the  correct 

one  and  the  right  one  to  adopt  for  wood  pavement.  Passing  for 
one  moment  to  the  creosoting  of  blocks,  Major  Isaacs  has  said  what 
has  always  been  the  cry,  that  you  are  unable  to  detect  bad  blocks 
when  they  are  creosoted.  He  has,  however,  referred  to  a  method 
which  can  be  very  well  adopted,  of  sending  an  inspector  to  the 
works  who  sees  every  block  before  the  creosote  is  forced  into  it. 
We  in  Liverpool  use  creosoted  ordinary  American  pine  blocks,  and 
they  wear  exceedingly  well.  Up  to  the  present  the  price  of  karri 
and  jarrah  has  prevented  the  use  of  those  blocks,  excellent  as  they 
appear  to  be.  The  question  of  sanitation  is  a  very  important  one  ; 
but  my  experience  has  shown  me  that  if  you  creosote  the  blocks 
you  prevent  a  very  large  amount  of  soaking  into  them,  and  you 
meet  that  difficulty.  You  do  not  increase  the  life  of  the  block  by 
creosote,  but  you  add  to  its  sanitation.  Then  if  the  wood  blocks 
are  constantly  >  gritted  they  presently  present  a  surface  which  is 
almost  impervious.  If  that  is  done,  and  creosote  introduced  into 
the  blocks,  I  cannot  help  feeling  that  the  question  of  insanitary 
paving  is  more  of  a  sentimental  cry  than  a  reality.  I  confess  I  do 
not  live  in  London  ;  but  the  defect  in  sanitation  is,  perhaps,  not 
due  to  the  pavement  but  the  neglect  of  scavenging  or  some  other 
cause.  I  do  not  think  that  wood  should  be  condemned  as  in- 
sanitary without  fuller  evidence  than  we  have  had.  With  regard 
to  the  important  question  of  joints,  I  entirely  agree  with 
Mr.  Blair.  I  think  he  has  most  admirably  got  out  on  page  84  the 
pros  and  cons  of  pitch  grouting.  I  cannot  take  exception  to  any- 
thing he  says  there.  To  me  it  is  evident  that  what  we  are  pleased 
to  call  the  pitch  joint  (the  bituminous  joint  is  a  better  word)  is  the 
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right  joint  for  stone  setts  and  for  wood  blocks.  There  is  only  one 
thing  which  makes  it  possible  the  bituminous  joint  may  fail. 
Unless  it  is  very  carefully  prepared,  evaporation  goes  on  in  hot 
weather  and  it  appears  to  perish.  It  is  a  little  difficult  to  secure 
that  the  mixture  shall  always  be  of  equal  consistency.  The 
material  you  use  varies,  but  with  experienced  men  they  seem  to  know 
intuitively  when  they  get  the  right  consistency,  and  when  they  get 
that  there  is  no  fear  of  failure.  Major  Isaacs  referred  to  swelling 
and  lifting  of  the  blocks.  So  far  we  have  always  left  an  expansion 
joint,  and  always  paved  upon  a  cushion  bed  of  sand  and  not  upon 
the  concrete.  By  doing  that  we  avoid  the  forcing  or  lifting  of 
the  blocks.  They  take  their  bed  on  this  cushion  and  they  make 
an  admirable  pavement.  Another  thing  which  prevents  expansion 
is  to  rack  your  joints  well  with  a  good  shingle  of  a  rough  character 
and  fill  in  with  bituminous  grouting  afterwards.  I  think  when  that 
racking  takes  place  the  stones  imbed  themselves  in  the  blocks  and 
prevent  the  expansion  of  the  mass.  My  own  opinion,  however,  is 
that  no  open  joint  is  best,  and  I  mean  at  an  early  date  to  try  the 
effect  of  having  no  joint  whatever.  One  point  only  I  will  trouble 
the  meeting  with  further,  that  is  night  work.  Mr.  Mason  objects  to 
night  work.  We  do  a  great  deal  of  night  work  in  Liverpool.  On 
the  tramways,  which  are  corporation  property,  all  the  paving  is 
done  at  night,  and  I  find  no  objection  to  that,  and  get  excellent 
work  done. 

Mr.  Wheeler  :  I  have  had  a  little  experience  in  wood  paving, 
and  I  can  only  say  up  to  the  present  time  I  have  not  tried  the 
close  joint.  I  find  the  joint  usually  adopted  by  the  Improved 
Wood  Paving  Company  is  a  very  good  joint  indeed,  and  although 
in  some  cases  swelling  takes  place,  I  find  by  leaving  or  2 
inches,  it  does  not  occur  in  my  district.  In  Victoria  Street  the 
wood  paving  has  lasted  ten  years,  and  in  other  parts  of  the  parish 
it  has  been  down  longer.  I  do  not,  however,  advocate  longer  than 
seven  years.  The  Kensington  Eoad  has  been  relaid  three  years — 
that  was  down  eleven  years.  We  have  not  had  much  swelling 
there.  Victoria  Street  was  relaid  three  years  ago,  and  we  have 
not  had  fifty  feet  to  relay  from  swellings.  We  want  more  experi- 
ence of  hard  woods  before  they  are  extensively  used  in  London.  I 
think  the  close  joint  should  be  used.  Although  it  is  advocated  that 
the  creosoted  block  should  be  used  where  deal  is  used,  I  am  not 
much  in  favour  of  it.  In  hot  weather  I  have  seen  the  creosote 
oozing  up  in  the  roadways.    This  is  a  cause  of  great  objection  to 
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residents,  and  I  believe  deputations  have  waited  upon  the  Vestry 
complaining  of  the  quantity  of  creosote  that  was  oozing  up,  causing 
great  destruction  to  their  property  and  furniture.  On  sanitary 
grounds  I  am  in  favour  of  asphalt,  but  not  where  there  is  severe 
traffic.  In  back  streets  I  have  used  asphalt  largely ;  our  district 
being  a  large  working-class  district,  the  streets  are  much  used  by 
the  children  as  playgrounds.  It  is  necessary  you  should  have 
something  on  which  the  children  can  play  about  without  leaving 
any  troublesome  results.  I  do  hope  to  see  an  improvement  in 
wood  pavement.  I  have  tried  small  pieces  of  hard  wood ;  but  I 
find  it  very  noisy,  though  I  do  not  think  it  is  so  slippery.  I  have 
noticed  the  portion  of  wood  pavement  in  the  Strand,  mentioned  by 
Mr.  Mason,  and  I  can  only  say  it  is  a  great  improvement  upon  the 
previous  pavement.  I  have  not  much  experience  of  night  work. 
The  firms  we  employ  we  keep  up  to  time  with  a  heavy  penalty, 
and  we  never  have  any  difficulty  in  getting  the  work  done  in  the 
time  fixed.  I  have  had  different  woods  submittted  to  me,  the 
samples  of  which  I  have  laid  before  my  Vestry,  but  the  only  plan 
adopted  in  the  parish  is  the  dipped  block.  The  manner  of  carry- 
ing the  work  out  is  to  see  the  blocks  dipped,  but  unless  you  have 
a  man  you  can  depend  upon,  you  have  a  good  deal  of  sappy  wood 
put  in.  I  think  wood  pavement  has  not  a  very  long  life,  but  that 
some  other  pavement  will  be  introduced  into  the  streets  of  London. 

Mr.  Boulnois  :  Can  you  tell  us  the  cost  of  the  dipping  ? 

Mr.  Blair  :  1Z.  a  thousand. 

Mr.  Tomkins  :  I  have  had  some  experience  of  wood  paving  in 
the  parish  of  Marylebone,  to  which  reference  has  been  made  ;  and 
I  may,  therefore,  venture  to  give  some  results  of  my  experience  in 
that  parish,  with  reference  to  the  close  joint.  My  first  experi- 
ence of  this  pavement  was  at  St.  George's,  Hanover  Square,  laid  by 
the  Improved  Wood  Paving  Company.  We  had  in  St.  Maryle- 
bone other  pavements  laid  by  the  Asphaltic  Wood  Paving  Company, 
Mowlem  &  Co.,  and  Henson.  We  lay  the  blocks  on  a  good 
Portland  cement  concrete  foundation,  and  they  are  jointed  as  close 
as  possible.  Every  twelve  or  fifteen  courses  of  blocks,  two  men 
with  sledge  hammers  drive  the  blocks  together.  The  cross  joints 
are  not  perfectly  close — we  leave  them  to  provide  for  the  expan- 
sion. We  grout  with  a  bituminous  mixture  of  tar,  boiled  with 
pitch  to  such  a  consistency  that  it  will  run  freely  into  the  joints. 
We  give  a  second  and  a  third  dressing  :  the  results  are  exceedingly 
satisfactory — we  had  less  expansion  than  by  the  old  methods,  the 
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pavement  was  more  cleanly,  and  seemed  to  possess  many  advantages 
over  the  old  system.  We  have  now  170,000  yards  of  wood  paving 
and  we  have  nothing  but  close  joints.  Major  Isaacs  said  in  his 
paper  at  the  Society  of  Arts  that  close  joints  are  now  being  intro- 
duced ;  but  for  twelve  years  we  have  laid  nothing  but  close  jointed 
pavements,  with  perfectly  satisfactory  results  as  regards  safety, 
quietness,  &c.  There  is  one  drawback — and  that  is  expansion, 
which  is  difficult  to  deal  with.  In  Oxford  Street — which  is  45  or 
50  feet  wide — a  space  of  about  1  \  inch  is  left  along  the  kerbs, 
then  the  open  joint  is  filled  with  sawdust  saturated  with  tar  to 
prevent  the  water  getting  in.  In  spite  of  all  precaution,  however, 
expansion  takes  place,  and  the  footway  kerb  gets  pushed  up« 
There  are  a  great  many  points  in  the  paper  to  which  I  should  have 
liked  to  refer,  but  time  will  not  permit.  With  regard  to  the 
sanitary  or  insanitary  properties  of  wood  pavement,  my  first 
experience  was  acquired  in  Piccadilly.  That  road  was  originally  a 
macadam  road,  and  in  hot  weather  the  smell  from  the  surface  was 
extremely  bad.  My  next  experience  was  of  the  wood  pavement  in 
Oxford  Street,  and  I  noticed  it  continued  along  the  road  as  far  as 
High  Holborn,  which  is  paved  with  asphalt,  and  which  was  as 
bad  as  the  wood.  I  have  repeatedly  noticed  this  unpleasant 
insalubrious  state  of  things.  For  my  own  part  I  have  been  very 
much  interested  by  the  two  papers  which  have  been  read,  and 
which  I  doubt  not  will  prove  of  great  value  to  many  of  the 
Members  of  the  Association. 

The  President,  in  closing  the  discussion,  said  :  I  wish  to  move 
that  a  hearty  vote  of  thanks  be  accorded  to  Mr.  Mason  and  to 
Mr.  Blair  for  their  very  interesting  and  valuable  papers.  It  is 
rather  singular  that  the  two  gentlemen  who  have  been  asked  to 
contribute  papers  should  have  both  chosen  the  same  subject ;  but 
though  it  is  the  same  subject  it  has  been  dealt  with  in  very  different 
ways.  I  am  sure  the  information  contained  in  the  papers  will  be 
of  very  great  value  to  all  of  us,  and  to  London  Members  especially. 
In  provincial  towns  we  do  not  use  wood  paving  so  largely  as  in 
London ;  but  it  will  be  more  extensively  used  in  the  future,  and 
we  shall  then  profit  by  their  experience. 

The  votes  of  thanks  having  been  accorded  by  acclamation, 
Mr.  Mason,  in  acknowledgment,  said  :  I  am  very  much  obliged 
to  you  for  the  vote  of  thanks.    I  quite  expected  to  hear  plenty  of 
criticism,  and  hoped  for  a  longer  discussion.    The  question  of 
wood  pavements  from  a  hygienic  point  of  view  has  been  raised , 


92    CARRIAGE-WAY  PAVEMENTS — JOINTING  OF  WOOD  PAVEMENTS. 

the  opinion  having  been  expressed  that  wood  pavements  are 
detrimental  to  health.  I  think  in  London  the  fault  is  mainly  due 
to  the  roadways  not  being  thoroughly  scavenged.  I  must  plead 
guilty  to  being  a  defaulter  myself ;  but  with  the  enormous  traffic 
and  the  limited  sums  which  the  vestries  allow  for  street  cleansing 
purposes  it  is  almost  impossible  to  keep  the  roads  in  a  satisfactory 
condition.  The  City  authorities,  by  providing  ample  funds,  are  able 
to  keep  all  their  streets  clean,  and  thus  reduce  their  liability  to 
become  slippery  to  a  minimum.  In  my  paper  I  give  statistics  of 
the  traffic  in  the  Strand  and  express  regret  that  they  have  not 
been  reduced  to  some  standard  of  traffic.  I  feel  that  my  paper 
falls  short  in  this  respect.  Surveyors  are  not  permitted  to  be  too 
energetic  in  spending  money,  and  to  take  the  necessary  statistics 
continuously  for  a  fortnight  would  involve  an  expenditure  of  at 
least  100Z. 

Mr.  W.  N.  Blair,  in  replying,  said :  I  thank  you  very  much 
for  according  me  a  vote  of  thanks  for  this  paper,  which,  though 
prepared  in  a  hurry,  deals  with  a  subject  to  which  I  have  given  a 
good  deal  of  attention.    I  am  very  sorry  the  surveyor  is  not  here 
to  explain  the  method  which  he  has  adopted  in  Chelsea,  and  which 
would  be  of  interest  to  Members  of  the  Association.    I  mention 
it  shortly  in  my  paper,  having  spent  half  an  hour  in  watching  his 
men  laying  the  blocks  in  King's  Eoad.    The  principal  objection 
which  is  used  to  wood  paving  is  the  absorption  of  moisture.  I 
point  out  in  the  paper  the  difference  between  yellow  deal  and  the 
Australian  woods  in  this  respect,  the  figures  being  23  ■  44  and  10-71 
and  7*77 — a  very  important  difference,  showing  the  Australian 
woods  equal  in  resisting  percolation  to  a  very  good  gault  brick. 
The  figures  quoted  were  taken  after  the  blocks  had  been  seven  days 
in  water,  which  is  a  very  severe  test.    I  am  aware  of  the  Liverpool 
practice  of  using  a  sand  bed  on  the  concrete,  and  also  that  it  has 
prevented  the  "  floating  up  "  of  the  blocks.     1  endeavoured  to  do 
without  that,  as  it  makes  the  surface  somewhat  uneven,  but  at  first 
did  not  quite  succeed,  though  the  number  of  blocks  floating  up  was 
small,  not  more  than  150  in  700,000  ;  but  since  using  the  lath  re- 
ferred to  in  the  paper  we  have  never  had  any  case  of  a  block 
floating  up.    As  to  the  noise  which  is  mentioned  as  a  defect  of  the 
hard  woods,  I  say  the  noise  is  due  to  the  joints.    If  you  increase 
the  width  of  the  joints  you  increase  the  noise.     You  can  run  a 
wheel  on  an  iron  surface,  and  if  without  joints  there  would  be  no 
noise,  the  noise  being  caused  by  running  over  joints.    The  other 
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remarks  which  have  been  made  are  not  so  much  in  the  way  of 
criticism.  I  expected  a  little  attack  on  the  subject  and  was 
prepared  with  a  defence,  and  believe  that  by  a  little  difference  of 
opinion  you  are  more  likely  to  get  at  the  truth.  I  do  not  see  from 
my  notes  that  there  is  anything  further  to  answer,  and  I  would 
merely  repeat  my  acknowledgment  of  the  vote  of  thanks  which  I 
have  received  from  the  meeting. 


CORRESPONDENCE. 

Mr.  Anthony  Boden  writes  :  Had  I  been  present  at  the  meeting 
I  should  have  asked  Mr.  Blair  to  explain  his  experience  of  jointing 
wood  pavements  in  St.  Pancras.  The  author  stated  in  his  paper 
that  pitch  grout  i(  being  more  or  less  elastic  "  the  joint  "  absorbs 
expansion  and  gives  way  to  contraction  of  the  blocks,  so  that  no 
movement  is  transferred  to  the  channels,  and  no  pressure  brought 
to  bear  against  the  kerb  to  cause  displacement." 

In  August  of  last  year  Fitzroy  Street  from  Fitzroy  Square  to 
Tottenham  Street,  "W.,  was  repaved  with  karri  wood  and  pitch 
grouting,  carried  out  under  his  instructions. 

Tightening  has  taken  place  to  such  an  extent  that  the  Works 
and  Highways  Committee  viewed  the  work  recently,  and  found 
the  kerbs  and  York  flagging  was  displaced  3  or  4  inches  in  many 
places.  This  does  not  tally  with  the  statement  that  pitch  joints 
are  more  or  less  elastic,  the  joint  absorbing  the  expansion  and 
giving  way  to  the  contraction  of  the  blocks. 

The  roadway  opposite  to  the  St.  Pancras  Vestry  Hall  was 
repaved  with  jarrah  and  pitch  grouting  about  eighteen  months 
ago,  but  has  proved  very  unsatisfactory  ;  constant  complaints  have 
been  made  about  the  roadway,  notwithstanding  men  have  been 
employed  with  adzes  to  level  the  blocks,  as  they  were  forced  up  by 
the  pitch  grout  gettiog  under  them.  The  same  fault  has  been 
found,  although  in  a  lesser  degree,  in  Tottenham  Court  Boad, 
where  in  several  instances  openings  have  been  made  and  the  pitch 
taken  out.  Other  places  can  be  quoted,  namely,  in  the  west  end  of 
Euston  Road,  where  several  kinds  of  wood  have  been  laid  as  a  test ; 
all  these  have  been  grouted  with  pitch,  and  on  walking  over  that 
part  of  the  road  I  found  blocks  were  displaced  owing  to  tightening 
in  the  centre  of  the  roadway.  In  conclusion  I  may  add  that  some 
months  back  it  was  decided  to  relay  with  jarrah  wood  that  portion 
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of  Euston  Road  opposite  the  Midland  Grand  Hotel,  and  a  resolu- 
tion was  passed  by  the  committee  requesting  the  surveyor  to 
discontinue  the  use  of  pitch  grouting  and  to  use  Portland  cement. 
I  think  I  may  say  without  fear  of  contradiction  that  this  is  one  of 
the  best  pieces  of  wood  paving  in  London. 

In  reply  to  Mr.  Boden's  letter  the  author  thinks  it  right  to 
explain  that  what  is  given  therein  as  a  fact,  viz.  that  in  Fitzroy 
Street  "  the  kerb  and  York  flagging  were  displaced  3  or  4  inches  " 
cannot  have  been  recorded  from  Mr.  Boden's  observations,  for  as  it 
was  represented  to  the  committee  referred  to  that  something  very 
serious  was  taking  place  in  Fitzroy  Street,  it  was  decided  to  view 
the  street ;  but  Mr.  Boden  did  not  accompany  the  Committee,  who 
found  that  though  some  displacement  of  kerb  and  flagging  has 
occurred,  it  was  only  what  commonly  happens  in  a  road  newly  paved 
with  wood,  and  extended  only  over  a  short  length  of  roadway,  the 
cause  being  the  omission  of  the  usual  opening  of  J  inch  in  the 
loose  joint.    Wood  paving  with  pitch  jointing  has  been  laid  in  St. 
Pancras  during  the  last  two  years  against  20,000  feet  of  kerb 
without  any  noticeable  displacement ;  when  Pancras  Eoad  was 
being  paved  in  August  1892,  Mr.  Boden  reported  that  the  kerbs 
were  then  being  tilted,  but  until  now  that  has  not  proved  to  be 
the  case.    To  say  that  the  condition  of  Pancras  Eoad  is  "  very  un- 
satisfactory "  and  has  caused  "  constant  complaints  "  is  true,  but  the 
dissatisfaction  exists  only  with  three  or  four  people,  who  certainly  do 
make  "  constant  complaint "  but  without  reasonable  cause.    A  few 
blocks  did  lift  by  the  grout  getting  under  them  as  described  in  the 
paper,  and  on  one  occasion  was  an  attempt  made  to  edge  off  the  pro- 
truding surface,  but  since  the  use  of  laths  in  the  joint  the  author 
is  not  aware  of  one  single  block  having  floated  up,  and  he  is  quite 
prepared  to  receive  the  criticism  of  Members  of  the  Association  who, 
though  they  do  not  use  the  pitch  joint  as  a  body,  can  form  an 
opinion  free  from  prejudice. 

It  is  early  days  yet  to  speak  of  work  only  six  months  old,  as 
Mr.  Boden  does  of  Euston  Eoad,  as  one  of  the  best  pieces  of  wood 
paving  in  London  ;  time  will  show,  but  even  now  the  eye  and  ear 
of  the  expert  will  observe  a  difference  between  the  paving  in 
Euston  Eoad  opposite  the  Midland  Hotel  and  that  in  the  same 
road  near  Fitzroy  Street. 
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HOSPITAL  TENTS  AT  WIMBLEDON. 
By  C.  H.  COOPER,  Assoc.  M.  Inst.  O.E.,  Wimbledon. 

Of  all  points  to  be  considered  in  relation  to  hospital  tents  that  of 
the  temperatures  that  can  be  maintained  is  the  most  important. 
Although  the  results  obtained  by  the  Army  Medical  Departments 
of  this  and  other  countries  prove  beyond  all  doubt  that  recovery 
under  canvas  is  far  better  than  that  in  permanent  buildings,  yet 
the  idea  that  friends  may  be  subject  to  cold  would  completely  an- 
nihilate the  purpose  for  which  hospitals  are  intended,  namely  the 
isolation  of  the  sick. 

The  writer's  sole  plea  for  submitting  this  paper  is  to  show  what 
temperatures  were  maintained  during  the  winter  of  1892-3,  as  he 
is  not  aware  of  a  single  instance  in  which  similar  temperatures 
have  been  recorded. 

In  the  summer  of  1892  the  Wimbledon  Local  Board  entered 
into  an  agreement  with  a  firm  of  tent-makers  to  retain  a  double 
hospital  marquee,  50  feet  by  25  feet  internal  dimensions,  to  be 
erected  within  twenty-four  hours  from  the  receipt  of  order,  as  a 
precaution  should  cholera  break  out.  In  the  end  of  September 
of  the  same  year  scarlatina  increased  beyond  the  accommodation 
available  at  the  Isolation  Hospital,  Durnsford  Lodge,  and  in  order 
to  isolate  these  cases  the  marquee  and  a  small  lavatory  tent  were 
erected  on  the  lawn  in  rear  of  the  hospital,  as  shown  on  accom- 
panying drawings. 

The  site  was  prepared  by  covering  the  ground  with  burnt  ballast 
at  least  6  inches  thick,  which  was  brought  to  a  fairly  level  surface, 
on  which  were  placed  3-inch  by  2-inch  sleepers  and  joists.  Along 
the  centre  line  five  2-inch  by  4-inch  joists  were  placed  side  by  side, 
to  carry  the  main  posts.  The  floor,  57  feet  by  30  feet,  with  semi- 
circular ends,  was  laid  in  sections,  with  inch  boards  grooved  and 
tongued ;  on  this  floor  rested  the  main  and  wall  posts.  The  turf 
all  round  the  tents,  6  inches  from  the  edge  of  the  flooring,  was 
stripped  to  form  a  channel,  and  the  soil  and  turf  thus  removed 
was  placed  against  the  edge  of  the  ballast  so  as  to  make  a  sloping 
face  to  throw  off  the  rain  that  ran  down  the  outer  wall,  the  foot 
of  which  is  pegged  on  to  this  turf.    This  was  no  doubt  the  cheapest 
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and  most  expeditious  method  of  preparing  the  site,  but  it  cannot 
be  recommended  where  sufficient  time  is  allowed  to  cover  the  site 
with  a  continuous  layer  of  cement  concrete  in  which  a  channel  can 
be  formed  round  the  tent  to  carry  off  the  rain. 

The  two  main  posts  that  carry  the  roof  are  each  fitted  at  the 
head  with  a  long  spike,  which  passes  through  holes  in  either  end 
of  the  ridge-pole  ;  these  spikes  also  take  the  guys  and  ornaments. 
The  outer  tent  rests  on  the  ridge-pole,  and  is  carried  at  the  eaves  by 
the  wall  posts,  placed  about  3  feet  apart,  and  held  out  by  stays 
(extending  lines)  passing  through  thimbles  in  beckets  made  fast  to 
pegs  placed  a  few  feet  from  the  tent.  These  stays  form  the  main 
support  of  the  tent  and  take  the  greater  part  of  the  wind  pressure. 
But  little  attention  has  been  paid  to  them  by  tent  manufacturers, 
who  put  up  tent  after  tent  knowing  perfectly  well  that  if  such 
tents  are  exposed  to  a  gale  down  they  come.  The  further  the  pegs 
which  hold  the  stays  are  placed  from  the  tent,  so  much  more 
wind  pressure  can  the  pegs  sustain  ;  but  if  the  pitch  of  the  stays 
is  less  than  that  of  the  roof,  the  walls  are  rendered  insecure.  To 
provide  sufficient  resistance  to  wind  pressure,  the  writer  placed,  in 
addition  to  the  stays  supplied  by  the  makers,  preventer  stays 
where  required,  and,  with  the  assistance  of  an  old  shipmate,  has 
rendered  the  tents  perfectly  secure.  The  inner  tent  is  carried  at 
the  ridge  by  strips  of  webbing  passed  over  the  ridge-pole,  and  at 
the  eaves  by  lanyards  passed  round  the  heads  of  the  wall  posts  in 
the  outer  tent.  The  walls  of  both  tents  are  separate  from  the  roofs, 
to  which  they  are  hooked.  The  foot  of  the  outer  wall  is  held 
down  by  pegs  passing  through  beckets,  the  foot  of  the  inner  wall 
being  left  loose  or  nailed  to  the  floor.  The  roof  and  walls  of  the 
marquees  are  made  of  AA  1  brown  canvas,  dressed  in  an  alum 
solution,  without  which  the  canvas  is  not  water-tight.  The  writer 
would  prefer  an  outer  tent  made  of  Willesdenised  canvas,  except  in 
situations  exposed  to  salt  water ;  and  would  recommend  that  all 
guys  and  stays  be  made  of  the  best  tarred  hemp  bolt  rope. 

The  tents  can  be  opened  at  either  end  or  side,  by  unlacing  the 
doors,  the  permanent  entrance  being  at  the  side  from  a  covered 
way  made  with  jute  cloth,  similar  to  that  used  for  sludge  presses  ; 
communication  with  the  lavatory  is  effected  at  the  end. 

In  each  tent  there  are  four  small  permanent  ventilators,  and 
two  large  blind  ventilators  in  the  roof ;  in  addition  to  which  there 
is  a  constant  passage  of  air  through  the  canvas  and  the  junction  of 
roof,  walls  and  lacings.    The  blind  ventilators,  originally  intended 
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to  act  as  windows,  were  found  to  accomplish  their  second  function 
in  a  most  unsatisfactory  manner ;  two  glass  windows,  with  a  light- 
area  of  26  feet,  were  therefore  inserted  in  each  tent.  These  gave 
the  patients  an  opportunity  of  seeing  what  was  going  on  outside, 
and  of  their  friends  seeing  them.  The  latter  is  an  important 
consideration,  and  has  done  much  to  reconcile  people  to  allow  their 
friends  to  be  placed  in  the  tents. 

At  night  the  tents  are  lighted  by  gas,  the  burners  in  the 
marquees  being  attached  to  the  main  posts  and  in  the  lavatories  to 
the  frame  that  carries  water  pipes  and  flushing-box,  &c.  All 
lights  are  protected  by  wire  cages. 

The  heating  apparatus  for  the  first  marquee  consisted  of  a  No. 
2  self-contained  saddle  boiler,  with  260  feet  of  2-inch  pipes.  This 
proved  insufficient  for  hard  frosts,  and  a  second  similar  boiler,  with 
140  feet  of  4-inch  pipes,  was  added,  both  systems  being  kept  at 
work  during  heavy  frosts.  In  the  case  of  the  tent  subsequently 
erected  a  No.  3  self-contained  saddle  boiler,  with  260  feet  of 
4-inch  pipe,  was  adopted,  and  appears  to  give  more  heat  than  the 
duplicate  arrangement  in  the  first  tent. 

The  hot  water  pipes  were  first  fitted  with  rubber  joints  and  carried 
off  the  floor  ;  but  these  joints  leaked.  They  were  then  caulked,  but 
again  leaked,  and  it  was  not  till  stakes  were  driven  through  holes 
cut  in  the  floor  into  the  solid  ground,  and  the  pipes  carried  in 
brackets  attached  to  these  stakes,  that  such  leaks  could  be  stopped. 
Attached  is  a  table  showing  the  temperatures  maintained  during 
the  winter  of  1892-93,  and  part  of  1893-94. 

The  drainage  is  a  continuation  of  that  of  the  Lodge,  each 
tent  being  disconnected  by  a  properly  trapped  manhole,  and 
ventilated  by  a  4-inch  ventilating  pipe  carried  up  a  pole  some 
distance  from  the  tent.  A  concrete  floor  is  laid  in  each  lavatory 
tent,  on  which  a  flush-down  w.c.  is  placed,  and  a  bend  placed  to 
take  slop  water  into  a  channel  before  it  enters  the  gully ;  this 
channel  is  covered  with  wire  netting  to  protect  it  from  leaves,  &c. 

The  w.c.  is  placed  at  the  end  of  the  lavatory  tent  furthermost 
from  the  marquee,  and  is  divided  off  from  the  remainder  of  the 
lavatory  by  a  canvas  curtain  running  up  to  the  ridge ;  a  small 
ventilator  is  placed  in  the  gable  over  the  w.c.  The  lavatories  are 
supplied  with  hot  and  cold  water,  and  have  a  wash  basin  and  bath 
on  wheels. 

The  beds  were  first  arranged  with  heads  against  walls,  but  they 
are  now  arranged  head  to  head  along  the  centre  line,  which  gives 
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more  floor  area  for  children  to  play,  although  no  doubt  the  air 
space  about  the  beds  is  reduced. 

Each  tent  has  15  beds,  which  gives  75  feet  super  of  floor  area, 
and  616  cubic  feet  of  air  space  per  bed — much  below  the  amounts 
allowed  in  the  case  of  permanent  hospitals  ;  but,  as  before  stated, 
every  part  of  a  tent  covering  allows  of  ventilation,  so  that  the  air 
remains  far  purer  than  in  more  permanent  buildings. 

So  far  as  statistics  go  they  bear  out  previous  experience,  namely, 
that  recovery  in  tents  is  better  than  in  houses.  Thus,  from 
1st  October,  1892,  to  the  end  of  1893,  all  cases  (206)  that  were 
treated  at  Durnsford  Lodge  and  in  tents  recovered,  whereas  of  142 
cases  treated  at  home  during  the  same  period  three  died. 

The  writer  would  recommend  any  one  wanting  further  informa- 
tion as  to  the  behaviour  of  these  tents  to  apply  to  Dr.  Poole  Collyns, 
who  had  the  tents  under  his  charge  till  the  commencement  of 
December  last.  At  the  same  time  tents  are,  like  most  temporary 
measures,  a  constant  cause  of  anxiety  and  expense,  their  one  re- 
deeming feature  being  that  they  can  be  erected  in  a  few  days. 
The  writer  received  the  order  to  erect  the  second  tent  about  9  p.m. 
on  Wednesday,  October  4,  1893,  and  had  the  site  prepared  and 
the  tent  up  by  the  Friday  evening  following  ;  the  hot  water  boiler, 
pipes,  lavatory,  &c.  were  fixed  and  working  by  the  Monday  follow- 


ing, on  which  day  patients  were  received. 
The  cost  of  this  tent  was  as  follows  : — 

£  s.  d. 

Preparation  of  site   15  0  0 

Marquee,  lavatory  tent,  floors  and  windows      ..  126  0  0 

Heating  apparatus   . .     . .    50  0  0 

Water  supply,  closet,  bath  and  lavatory     ..     ..27  0  0 

Drainage  16  0  0 

Gas  pipe  and  fittings    4  5  0 

Covered  way    f   5  0  0 


Total   £243     5  0 


Equivalent  to  £16  5s.  per  bed. 
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TABLE  showing  Internal  and  External  Temperatures  (Fahr.). 


Date. 

First  Tent. 

Second  Tent. 

External. 

1892. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Oct.  7 

56 

72 

41 

•• 

& 

5>  ° 

64 

40 

Q 

■»  & 

55 

62 

10 

54 

60 

32 

•• 

ix 

48 

62 

•• 

33 

12 

52 

60 

... 

43 

•• 

,  13 

57 

65 

42 

•• 

14 

61 

66 

•• 

40 

15 

57 

65 

40 

•• 

16 

54 

62 

42 

61 

17 

52 

60 

37 

49 

,  18 

57 

60 

33 

52 

l>  19 

55 

61 

29 

51 

20 

60 

64 

33 

54 

21 

54 

66 

39 

55 

22 

55 

62 

•> 

37 

54 

23 

51 

67 

•• 

•• 

32 

51 

y»  24 

54 

60 

30 

54 

„  25 

58 

65 

33 

54 

„  26 

49 

63 

•• 

26 

42 

"  27 

59 

70 

29 

63 

?>  28 

61 

70 

•• 

45 

57 

„  29 

61 

66 

•• 

54 

58 

I  30 

55 

60 

42 

59 

31 

54 

63 

•• 

43 

52 

Nov.  1 

57 

61 

43 

45 

»  2 

55 

an 
bl) 

*• 

31 

47 

3 

59 

67 

32 

54 

J  4 

60 

r»-7 

o7 

•• 

•• 

48 

60 

?  5 

65 

£}£* 

QD 

•• 

•• 

51 

59 

„  6 

60 

65 

- 

43 

56 

7 

55 

at 
bl 

•• 

31 

57 

g 

63 

65 

31 

61 

"  9 

64 

66 

•• 

34 

44 

10 

62 

66 

•• 

39 

48 

11 

55 

60 

•• 

34 

59 

12 

60 

65 

•• 

41 

46 

13 

60 

66 

•• 

43 

57 

14 

59 

60 

56 

60 

15 

60 

69 

51 

66 

16 

60 

66 

•  • 

49 

53 

17 

58 

60 

46 

49 

5?  JLO 

55 

61 

•  • 

39 

46 

60 

62 

33 

47 

20 

58 

63 

40 

52 

91 

55 

60 

31 

45 

22 

56 

62 

34 

43 

"  23 

55 

61 

33 

41 

„  24 

54 

58 

37 

44 

„  25 

52 

60 

33 

42 

„  26 

54 

60 

35 

44 

„  27 

56 

61 

40 

49 

„  28 

53 

62 

37 

52 

„  29 

55 

65 

46 

49 

„  30 

50 

62 

37 

52 

Dec.  1 

50 

63 

33 

49 

H  2 


100  HOSPITAL  TENTS  AT  WIMBLEDON. 


Table — continued. 


Date. 

First  Tent. 

Second  Tent. 
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1892-1893. 

• 
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• 

Maximum. 

M  inimum . 
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• 
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Table — continued. 


Date. 

First  Tent. 

Second  Tent. 

External. 

1893. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Jan.  27 

32 

44 

» 

11 

28 

27 

38 

29 

38 

50 

11 

30 

38 

49 

11 

31 

45 

50 
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1 

56 

60 

25 

43 

11 

2 

54 

59 

41 

47 

11 
5> 
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60 

40 

49 

4 

62 

64 

45 

61 

11 

5 

59 

63 

37 

53 

)> 
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» 
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57 

61 

29 

41 

7 

62 

64 

31 

43 

8 

63 

65 
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5) 
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11 

21 

62 

64 
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40 

J> 

22 

61 

66 
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60 
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J> 
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60 

62 

34 
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61 

64 

42 
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60 
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62 

46 
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30 
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43 
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1 
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34 

49 

» 
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62 

53 

59 

24 
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42 
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DISCUSSION. 

Prof.  Eobinson  proposed  a  vote  of  thanks  to  the  author. 

Mr.  C.  Jones  :  This  paper  contains  very  important  information, 
particularly  to  Members  in  the  suburban  districts.  I  know  it  does 
not  apply  to  London  Members  so  much,  but  to  those  in  the  suburbs 
it  is  a  very  important  matter  to  know  that  a  hospital  tent  can  be  so 
arranged  as  to  be  put  up  complete  for  occupation  in  24  hours,  and 
which  will  accommodate  fifteen  beds.  I  have  further  a  personal 
interest  in  this  matter.  Some  years  ago  I  arranged  in  my  district 
a  concrete  bed  raised  2  feet  above  the  ground,  with  tent  stays, 
drainage,  and  everything  except  the  tent,  so  as  to  be  prepared  in 
the  event  of  any  outbreak  of  disease.  I  am  therefore  much 
interested  in  the  provision  of  hospital  tents,  which  can  be  taken 
down,  deodorised,  and  when  required  put  up  again  in  24  hours  or 
less.  In  suburban  districts  they  will  prove  most  useful,  and  most 
probably  I  shall  put  one  up  before  long.  I  have  much  pleasure  in 
seconding  the  vote  of  thanks  to  Mr.  Cooper,  and  at  the  same  time 
I  will  take  the  opportunity  of  congratulating  the  Members  upon 
the  first  meeting  of  the  new  metropolitan  district.  I  do  not  know 
whether  it  occurs  to  any  of  the  Members,  but  it  has  occurred  to 
me,  that  this  meeting  is  being  held  in  the  old  home  of  the 
Association.  Since  I  have  been  sitting  here  I  have  thought  back, 
and  find  it  is  just  21  years  ago,  within  six  weeks,  that  six  of  us 
met  here  and  came  to  the  decision  that  it  was  desirable  to  form  an 
Association.  Those  six  have  grown  to  nearly  600.  I  cannot 
help  referring  to  this,  because  it  is  very  gratifying  to  see  the 
outcome  of  the  little  gathering  that  then  took  place. 

The  President  :  I  should  like  to  say  that  I  am  sorry  there  are 
not  more  of  our  provincial  brethren  present  to  hear  this  paper.  I  am 
personally  interested  in  this  question,  because  my  own  Corpora- 
tion, in  fear  of  an  outbreak  of  small  pox,  which  is  raging  in  towns  on 
either  side,  have  authorised  the  expenditure  of  500Z.  for  a  temporary 
hospital.  We  have  not  spent  the  money  yet,  because  we  have  been 
able  to  isolate  every  case  and  deal  with  them  at  the  permanent  hos- 
pital, but  it  is  very  satisfactory  to  know  if  occasion  arises  we  could 
get  sufficient  accommodation  to  deal  with  it  at  a  few  days'  notice. 
The  vote  of  thanks  having  been  unanimously  accorded, 
Mr.  C.  H.  Cooper,  in  acknowledgment,  said :  I  have  to  thank 
you  very  sincerely  for  the  vote  of  thanks  you  have  so  kindly 
accorded  me.  The  paper  is  a  very  poor  one,  but  this  I  must  ask 
you  to  excuse  as  I  had  very  little  notice  that  it  would  be  required. 


DISTRICT  MEETING  AT  READING. 


April  7, 1894. 

Held  in  the  Town  Hall,  Beading. 
J.  T.  Eayrs,  President,  in  the  Chair. 


The  Mayor  of  Beading  (Mr.  Councillor  Field)  opened  the  pro- 
ceedings by  giving,  on  behalf  of  the  Town  and  Corporation,  a  hearty 
welcome  to  the  Association,  and  hoped  that  the  Members  would  be 
interested  and  instructed  by  what  was  to  be  seen  and  said  during 
the  day.  The  President  expressed  his  thanks  for  the  kind  way  in 
which  the  Association  had  been  received. 

Mr.  0.  C.  Kobson  was  unanimously  re-elected  Hon.  Secretary 
for  the  Home  Counties  District. 

The  President  referred  to  the  circular  that  had  been  issued  by 
the  Council  to  all  urban  authorities  in  England,  with  regard  to  the 
question  of  such  authorities  paying  the  expenses  of  their  surveyors 
in  attending  these  meetings.  Several  letters  had  been  received 
from  engineers  to  say  that  their  Boards  had  agreed  to  pay  a  con- 
tribution to  their  expenses.  The  President  desired  to  receive 
information  in  all  such  cases,  so  as  to  make  the  list  as  complete  as 
possible. 

The  following  papers  were  then  read,  and  a  cordial  vote  of  thanks 
passed  to  the  several  authors. 
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MACHINERY  AS  APPLIED 
TO  THE  BREAKING  UP  OF  MACADAM. 

By  AETHUR  E.  COLLINS,  Assoc.  M.  Inst.  C.E., 
Borough  Engineer,  Reading. 

Having  had  some  experience  with  machinery  for  the  breaking  up 
of  macadamised  road  surfaces  preparatory  to  reforming  and  coating 
such  surfaces,  and  knowing  that  the  Members  of  this  Association 
are  interested  in  this  question,  the  author  has  prepared  the 
following  notes. 

In  this  paper  he  has  endeavoured  to  place  before  the  Association 
in  a  convenient  form,  descriptions  of  all  road-breaking  machines 
of  which  he  has  been  able  to  obtain  particulars. 

It  appears  from  the  records  of  the  Patent  Office  that  as  long 
since  as  the  year  1817,  a  patent  was  granted  to  one  Clay  for  "a 
harrow  which  is  intended  to  scarify  the  uneven  part  of  any  road." 
At  various  times  since  then  patents  have  been  granted  for 
machines  having  the  same  objects  as  Clay's,  but  the  author  has 
been  unable  to  find  that  machines  for  this  purpose  had  much  use 
until  recently. 

In  France,  some  years  ago,  a  Frenchman  named  Mothiron 
constructed  and  used  a  road  scarifier  successfully;  this  machine 
was  drawn  by  horses.  It  appears  to  have  been  considered  at  the 
time  when  this  machine  was  in  use,  that  notwithstanding  its 
success  on  roads  in  France,  the  English  roads  were  too  hard  to  be 
broken  up  by  it. 

Makers  of  road  rollers  usually  supply  spikes,  to  fit  into  sockets 
on  the  hind  rollers,  with  each  steam  road  roller,  which  are 
intended  to  be  used  for  breaking  up  macadam.  The  author  has 
never  met  with  any  success  when  attempting  to  use  these  spikes, 
nor  has  he  ever  seen  them  in  successful  use. 

Of  machines  now  in  use  in  England  the  best  known  are  the 
following : — 

Rutty's  Road  Scarifier,  patented  1884. 

Voysey  and  Ilosack's  Apparatus  for  Breaking  up  Streets,  &c, 
1890. 
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Jackson's  Eoad  Scarifier,  March  1891. 

Wallis's  Machine  for  Pecking,  &c,  the  Surface  of  Boads, 
November  5,  1891. 

Hendersons  Machine  for  Breaking  up  Macadam,  November 
1891. 

Messrs.  John  Fowler  &  Co.  have  recently  made  a  machine,  which 
is  being  tested  before  being  placed  on  the  market. 

The  Syracuse  Chilled  Plough  Company,  New  York,  make  a 
macadam  plough  which  is  drawn  by  horses. 

Butty's  machine  is  manufactured  by  Mr.  G.  G.  Rutty,  St. 
Leonards  Street,  Bromley  by  Bow,  E.  Its  general  features  are 
shown  on  the  plate  herewith.  It  consists  of  a  heavy  cast-iron 
box  A,  supported  at  each  side  on  a  wheel  B,  rotating  on  the 
main  axle  B ;  strong  brackets  0  are  attached  to  each  end  of 
the  cast-iron  box  supporting  bosses  D,  which  are  bored  and 
screw-threaded ;  through  these  screwed  bosses  pass  the  depth 
regulating  screws  E  of  the  depth  gauge  wheels  F.  The  ends  of 
the  cast-iron  box  are  not  set  at  right  angles  with  the  sides.  At 
the  front  and  back  lower  corners  H  of  the  cast-iron  box  there  are 
three  square  sockets  J  to  receive  steel  teeth  K;  screws  L  are 
fitted  to  hold  the  teeth ;  draw-links  M  are  provided  for  drawing 
the  machine.  The  teeth  are  usually  set  at  an  angle  of  about  60° 
with  the  road,  and  are  regulated  as  to  the  depth  of  cut  by  turning 
the  regulating  screws  by  means  of  the  handles  N.  The  machine 
is  drawn  by  a  roller  or  traction  engine ;  it  is  not  provided  with 
steering  gear,  experience  having  proved  such  gear  to  be  un- 
necessary. The  machine  is  drawn  forward  and  back  over  the 
surface  to  be  broken  up,  taking  a  fresh  track  each  time  the  work 
is  traversed.  The  teeth  in  operation  are  those  at  what,  for  the 
time  being,  is  the  leading  end  of  the  machine.  In  the  spring  of 
1892  the  author  inspected  one  of  these  machines  when  in  use  by 
Mr.  Butty  at  Islington  ;  it  was  employed  in  scarifying  a  granite 
macadam  road;  it  was  drawn  by  a  traction  engine  of  about 
8  N.H.P.,  and  most  effectually  broke  up  the  macadam  to  a  depth 
of  about  4  inches.  A  considerable  amount  of  time  was  lost  in  the 
use  of  the  machine  by  the  necessity  for  disconnecting  the  traction 
engine  from  one  end  of  the  "  scarifier,"  and  turning  the  engine 
completely  around  previously  to  its  being  connected  to  the  other 
end  to  make  the  return  cut.  Most  of  this  time  could  be  saved 
by  the  simple  expedient  of  fitting  the  engine  with  draw  gear  at 
both  ends.    The  machine  illustrated  in  the  plate  accompanying 
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this  paper  shows  Mr.  Butty's  most  recent  machine;  this  is  a 
greatly  improved  form  of  the  machine  which  the  author  saw  at 
work. 

In  the  improved  machine  it  will  be  noticed  the  depth-regulating 
wheels  G  are  held  rigidly  in  line  with  the  axis  of  the  machine  ; 
they  are  raised  and  lowered  by  quick-threaded  screws  E.  The  tool 
sockets  pass  completely  through  the  bottom  of  box  A,  consequently 
the  tools  can  be  made  of  considerable  length,  and  waste  of  steel 
due  to  short  ends  is  greatly  reduced.  The  main  axle  K  is  fitted  to 
slide  in  the  direction  of  its  length ;  this  enables  the  wheel  B  to  be 
tucked  into  recess  S,  in  the  side  of  box  A,  when  the  scarifier  is 
working  close  to  a  kerb.  In  the  plate  the  side  of  the  machine 
which,  when  at  work,  is  kept  nearest  the  kerb  is  shown.  The  first 
cut  is  usually  taken  along  the  crown  of  a  road,  and  the  work  is 
continued  towards  one  side ;  when  that  side  has  been  reached  the 
scarifier  is  turned  round,  and  scarifying  proceeds  on  the  other 
half  of  the  road. 

Voysey  and  Hosack's  Patent  Macadam  Eoad  Scarifier  is  manu- 
factured at  Eochester  by  Messrs.  Aveling  &  Porter  for  the  Eoad 
Breaking  Co.  (Voysey'and  Hosack's  Patent),  Limited  ;  it  consists  of 
a  massive  cast-iron  frame  A,  supported  within  another  iron  frame 
B,  in  such  a  manner  that  the  hinder  end  of  the  internal  frame  A, 
hereafter  called  the  tool  barrel  frame,  can  be  raised  or  lowered  by 
means  of  a  regulating  screw  0  ;  it  can  also  be  traversed  within  the 
external  frame  B,  from  side  to  side  of  that  frame.  The  front  ends 
of  the  external  frame  are  fastened  to  the  tender  of  a  road  roller  by 
means  of  a  shaft  (hereafter  described  as  the  pivot  shaft)  passing 
through  both  sides  of  the  frame  and  brackets  E,  on  the  tender  of 
the  roller.  This  shaft  forms  a  pivot  around  which  the  roller  and  the 
machine  may  rotate  to  accommodate  themselves  to  uneven  surfaces, 
&c.  To  this  shaft  are  keyed  two  pitch  chain  wheels  (not  visible 
in  the  plate).  The  hinder  end  of  the  external  frame  is  supported 
at  each  end  by  a  small  road  wheel  H.  A  short  distance  to  the 
rear  of  the  pivot  shaft  is  a  square  steel  shaft  J,  running  in  a 
bearing  on  each  side  of  the  outer  frame ;  the  axis  of  this  shaft  is  the 
centre  of  what  may  be  described  as  the  hinge  connecting  the  tool 
barrel  frame  A  with  the  outer  frame  B.  Two  pitch  chain  wheels 
(not  seen  in  the  plate)  are  mounted  on  this  square  shaft,  one 
fixed  and  one  sliding.  At  the  hinder  lower  corners  of  the  tool 
barrel  frame  are  bearings  K,  in  which  the  shaft  L  of  a  heavy  tool 
barrel  M  rotates.    To  one  end  of  this  shaft  a  drive  chain  wheel 
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N  is  keyed.  The  tool  barrel  consists  of  a  series  of  cast-iron  discs 
P,  keyed  on  the  above-mentioned  shaft ;  these  discs  have  radial 
notches  of  such  a  shape  that  when  side  by  side  sockets  are  formed 
of  the  shape  of  the  steel  tools  or  knives  E,  which  break  up  the 
road  surface.  Bolts  fitted  with  nuts  pass  through  the  several 
discs  from  end  to  end  of  the  tool  barrel ;  when  these  bolts  are 
tightened  the  whole  of  the  tools  are  held  with  great  rigidity  in  the 
sockets.  By  slackening  the  bolts  the  tools  are  easily  removed. 
The  tools  are  arranged  in  spiral  lines  around  the  barrel ;  their 
number  depends  on  the  power  of  the  traction  engine  or  roller,  and 
on  the  hardness  of  the  macadam  operated  upon.  The  tool  barrel  T 
rotates  in  a  direction  opposite  to  that  of  the  travelling  wheels  ;  it  is 
driven  by  a  series  of  three  endless  pitch  chains  extending  from  a 
chain  wheel  keyed  to  crank  shaft  of  roller  to  the  chain  wheel  on 
shaft  of  tool  barrel.  With  this  machine  there  is  no  loss  of  time 
caused  by  uncoupling  and  recoupling  at  the  end  of  each  cut.  The 
machine  works  with  equal  efficiency  whether  being  drawn  or  pushed 
by  the  roller. 

The  traverse  motion  of  the  tool  barrel  enables  the  machine  to 
break  up  macadam  to  within  a  short  distance  of  the  kerb  on  each 
side  of  a  road.  Messrs  Voysey  &  Hosack's  machines  are  made  in 
various  sizes,  to  suit  the  rollers  with  which  they  are  to  work. 
Kecently  the  author  saw  one  of  the  earliest  examples  of  these 
machines  at  work  at  Hendon,  breaking  up  a  thoroughly  solid 
granite  road ;  it  was  attached  to  a  15-ton  roller  fitted  with  a 
compound  engine ;  the  roller  at  the  time  was  mounted  on  traction 
engine  wheels.  The  road  surface  was  being  broken  up  in  the  most 
thorough  manner  to  a  depth  of  about  3  J  inches ;  this  work  was 
being  done  at  the  rate  of  about  300  superficial  yards  per  hour. 
During  the  time  he  watched  the  machine  at  work  the  exigencies 
of  the  ordinary  traffic  along  the  road  caused  several  stoppages,  and 
consequent  loss  of  time.  He  did  not  observe  any  stones  thrown 
more  than  2  or  3  feet  by  the  machine.  The  length  of  carriage- 
way operated  upon  was  about  400  yards  by  8  yards,  consequently 
the  work  was  reasonably  straightforward  but  for  the  unavoidable 
stoppages  above  mentioned.  The  roller,  with  apparatus  in  full 
cut,  was  reversed  as  quickly  as  when  working  without  the 
machine. 

Messrs.  Voysey  &  Hosack  have  informed  the  author  that  one  of 
the  most  important  points  about  their  scarifier  is  that  it  will  work 
with  a  smooth  wheel  engine  or  roller. 
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It  is  obvious  that  in  this  machine  the  power  required  to  break 
up  the  road  is  not  transmitted  from  the  surface  of  the  roller  or 
traction  engine  wheels  through  the  draw  bar,  but  direct  from  the 
driving  shaft  of  engine  to  the  driving  shaft  of  scarifier  by  means  of 
pitch  chains.  The  machine  is  so  balanced  as  to  throw  very  little 
weight  on  the  roller  working  it. 

Since  the  Beading  meeting  Messrs.  Voysey  &  Hosack  have 
designed  and  constructed  a  scarifier  of  the  plough  type,  a  plate 
of  which  is  shown. 

It  consists  of  two  massive  outside  frames  connected  at  the  top  by 
a  cast-iron  tool  box,  and  at  other  suitable  points  by  wrought-iron 
stays.  Inside  these  frames  and  pivoted  on  the  lowermost  stay  is  a 
rocking  tool  holder,  with  the  tools  arranged  to  work  in  opposite 
directions.  The  tools  are  so  arranged  that  when  the  machine  has 
made  a  cut  forward  with  one  set  of  tools  the  tool  holder  is  rocked 
over  and  the  set  for  the  return  cut  put  into  work  alongside  the 
first  cut ;  when  a  pair  of  cuts  has  been  made  the  rocking  tool  box  is 
traversed  along  the  stay  on  which  it  pivots  and  another  pair  of  cuts 
made.  This  arrangement  is  to  permit  of  the  scarifying  of  a  con- 
siderable width  of  roadway  before  it  becomes  necessary  to  alter  the 
track  of  the  roller  or  traction  engine  which  is  working  the  machine. 
The  machine  is  so  constructed  that  it  may  be  coupled  direct  to  the 
tender  of  engine,  in  which  case  it  is  pulled  one  way  and  pushed 
the  other  without  its  being  uncoupled  and  recoupled  at  the  end  of 
each  cut,  or  it  may  be  drawn  from  either  end  in  the  same  way  as 
Butty's  or  Jackson's  machines. 

The  ability  to  pull  or  push  without  the  necessity  of  constantly 
coupling  and  uncoupling  is  a  very  great  advantage. 

The  tool  box  is  rocked  by  means  of  worm  and  worm  wheel  gear, 
which  constitutes  a  very  convenient  and  effective  depth  regulating 
gear. 

The  castor  wheels  at  the  ends  of  machine  are  for  use  when 
machine  is  not  coupled  direct  to  an  engine.  When  it  is  coupled 
direct,  these  wheels  are  removed  or  swung  up  clear  of  the  road 
surface. 

The  tool  boxes  are  arranged  to  permit  of  quick  and  easy  adjust- 
ment of  the  tools.  The  boxes  rock  on  the  stay  which  forms  the 
axle  of  the  road  wheels,  consequently  the  tools  follow  the  contour 
of  the  road  when  in  work. 

Mr.  C.  EL  Lowe  has  recently  tested  one  of  these  machines  at 
Hampstead,  with,  the  author  is  informed,  satisfactory  results. 
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Jackson's  scarifier  is  somewhat  similar  in  general  design  to 
Butty's.  It  is  manufactured  by  Messrs.  Goddard,  Massey  & 
Warner,  of  Nottingham.  The  author  introduced  one  of  these 
machines  into  Beading  in  July  1892.  The  wheels  A,  at  the  ends, 
are  fitted  for  steering  purposes  only ;  they  are  swivelled  simul- 
taneously as  follows,  to  the  tops  of  the  shanks  B  :  carrying  these 
wheels  are  keyed  worm  wheels  0,  into  which  worms  D  are  geared  ; 
on  each  of  the  two  short  shafts  E,  carrying  the  worms,  a  pitch 
chain  wheel  F,  with  handle  G,  is  keyed ;  a  pitched  endless  chain  H 
passes  over  the  two  chain  wheels.  By  this  arrangement  the  rota- 
tion of  one  of  the  chain  wheels  ensures  a  similar  rotation  of  the 
other.  At  each  end  of  Jackson's  scarifier  a  massive  tool  box  K  is 
strongly  mounted  on  a  horizontal  pivot ;  they  are  raised  or  lowered 
by  levers  L,  conveniently  placed  at  one  side  of  the  machine.  This 
arrangement  allows  of  the  tools  M  being  quickly  lifted  out  of  the 
road  being  scarified  when  a  manhole  cover  or  other  such  fitting  is 
in  the  path  of  the  machine.  The  author  has  fitted  a  10-ton 
Aveling  &  Porter  roller,  with  draw  gear,  to  draw  the  " scarifier" 
from  either  end.  This  arrangement  causes  a  great  saving  in 
time  over  the  method  he  has  seen  adopted  elsewhere  of  turning 
the  roller  or  traction  engine  round  when  reversing  the  cut. 
To  enable  the  "  scarifier "  to  work  close  up  to  the  channels 
on  both  sides  of  a  road,  the  draw  gear  should  be  so  arranged 
as  to  permit  of  the  machine  being  drawn  in  line  with  the  path 
of  any  point  in  the  width  of  the  steam  roller  or  traction  engine 
employed. 

For  traction  purposes  one  of  Aveling  &  Porter's  6-N.H.P. 
traction  engines  has  also  been  used.  This  engine  has  been  found 
more  convenient  and  reliable  for  the  purpose  than  a  10-ton  roller. 
The  author  has  found  that  a  10-ton  roller,  whilst  amply  sufficient 
to  draw  Jackson's  scarifier  through  a  gravel  or  flint  road,  or  a 
similar  road  faced  with  a  thin  coat  of  granite,  cannot  be  thoroughly 
relied  upon  to  draw  it  through  well  consolidated  granite  or  limestone 
macadam.  In  such  cases,  a  15-ton  roller  with  road  wheels,  or  a 
traction  engine  not  smaller  than  6  to  8  N.H.P.  should  be  used. 
Good  results  have  regularly  been  obtained  in  Eeading  with  a 
6-N.H.P.  traction  engine,  but  the  work  has  been  done  with  no 
reserve  of  power.  With  sufficient  tractive  power  no  difficulty  has 
been  experienced  in  thoroughly  breaking  up  hard  granite  macadam, 
previously  soaked  with  water,  at  the  rate  of  300  superficial  yards 
per  hour.     The  traction  engine  or  roller  employed  to  draw  the 
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machine,  together  with  the  machine,  only  require  one  attendant  in 
excess  of  those  necessary  for  the  engine  or  roller.  In  Beading  it 
has  not  been  found  necessary  to  break  up  gravel  or  flint  roads 
previous  to  recoating,  unless  a  road  has  simply  got  rough  in  wear, 
and  a  slight  coating  only  of  new  material  is  required.  Where 
limestone  or  granite  has  been  used,  the  old  surface  is  invariably 
broken  up  before  reforming  and  recoating.  To  do  this  by  manual 
labour  in  either  limestone  or  granite,  the  cost,  including  that  of 
sharpening  picks,  averages  lid.  per  square  yard.  At  this  price 
the  work  is  not  done  in  such  a  way  as  to  enable  the  road  materials 
to  be  raked  into  form,  but  sufficiently  only  to  form  a  bed  for  the 
reception  of  new  material.  When  the  author  had  granite  macadam 
broken  up  as  effectually  by  hand  picking  as  if  done  by  the  scarifier, 
he  found  the  cost,  including  that  of  sharpening  picks,  amounted 
to  l\d.  per  square  yard.  With  Jackson's  scarifier,  drawn  by  a 
traction  engine,  the  cost  averages  seven-sixteenths  of  a  penny  on 
either  limestone  or  syenite.  This  price  includes  hire  of  traction 
engine,  for  which,  with  its  attendant,  the  sum  of  6s.  per  hour  is  paid, 
also  fuel,  wages  of  flagman  and  scarifier  attendant,  cost  of  water  cart 
and  of  sharpening  tools.  During  the  past  twelve  months  the 
machine  cost  nothing  for  repairs  ;  during  that  period  it  broke  up 
many  thousands  of  square  yards  of  limestone  and  granite  macadam. 
This  machine  does  not  cause  stones  to  fly  about ;  it  weighs  3 \  tons. 
The  tools  consist  of  square  bar  steel  cut  off  to  lengths,  and  drawn 
to  a  tapered  point. 

1 J  cwt.  of  steel  tools  have  done  all  the  road  breaking  in  Beading 
for  one  year  ;  thoroughly  good  cast  tool  steel  is  used.  The  tools 
cost  lid.  per  lb.  It  is  a  curious  but  easily  explained  fact  that 
the  tools  wear  out  more  rapidly  when  operating  in  comparatively 
weak  gravel  or  flint  roads  than  in  much  more  compact  and  strong 
granite  or  limestone  roads.  The  author  has  experimented  from 
time  to  time  with  the  object  of  arriving  at  a  more  efficient  form 
of  tool,  and  thinks  he  has  succeeded  in  his  endeavour. 

The  depth  of  cut  is  regulated  by  raising  or  depressing  the  tools, 
separately,  in  their  sockets,  packing  pieces  and  set  screws  being 
provided  for  the  purpose.  The  author  has  dispensed  with  the 
stearing  gear  of  the  "  scarifier  "  in  his  charge,  and  fitted  the  end 
wheels  as  depth  regulators  (see  plate).  In  making  these  altera- 
tions the  author  has  adapted  parts  of  the  original  "  scarifier  99  so 
as  to  be  available  for  the  desired  purposes. 

The  Wallis  Boad  Pecking  Machine  is  manufactured  by  Messrs. 
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Wallis  and  Steevens,  Basingstoke.  It  consists  of  a  strong  frame  A, 
securely  fixed  to  the  tender  of  a  road  roller  ;  this  frame  supports  a 
three-throw  crank  B,  driven  by  steel  toothed  gearing  from  the 
crank  shaft  0  of  road  roller ;  to  the  bottom  of  the  frame  are  pivoted 
the  front  ends  of  a  pair  of  radius  links  D,  which  are  supported  or 
slung  near  their  back  ends  by  a  toothed  rack  E,  which  is  raised 
and  lowered  by  tooth  gearing  F,  supported  on  brackets  G,  at  the 
back  of  the  tender. 

Joining  the  back  ends  of  the  radius  links  is  a  shaft  or  pivot  H, 
which  carries  three  swing  links  J.  To  the  three-throw  cranks  B, 
the  connecting  rods  K,  of  three  oscillating  pneumatic  cylinders  L, 
are  attached  ;  these  cylinders  are  pivoted  to  the  swihg  links  at  M. 
A  proper  tool  holder  N  is  provided  at  the  back  of  each  cylinder  ; 
each  tool  is  so  secured  that  should  the  apparatus  be  subjected  to 
abnormal  stress  a  bolt  E  breaks  and  the  tool  is  liberated.  The 
tool  is  easily  and  quickly  resecured.  The  pneumatic  cylinders 
play  a  very  important  part  in  this  machine ;  acting  as  cushions, 
they  have  the  effect  of  cutting  off  direct  connection  between  the 
three-throw  crank  and  the  picking  tool,  consequently  this  crank  is 
not  subject  to  the  sudden  jars  it  would  have  to  bear  were  there 
direct  connection  between  it  and  the  picking  tool  operating  on  the 
road  surface.  The  pneumatic  cylinder  permits  the  picking  tool  to 
make  strokes  of  varying  length,  notwithstanding  that  the  piston 
working  in  the  cylinder  has  a  constant  stroke.  This  attribute, 
amongst  others,  has  the  following  effect  :  should  the  first  blow  of  a 
picking  tool  be  not  sufficient  to  penetrate  the  road  surface,  the  air 
confined  between  the  falling  piston  and  the  cylinder  bottom  is 
compressed  somewhat  more  than  when  the  tool  makes  its  normal 
stroke,  but  no  jar  is  imparted  to  the  machine ;  succeeding  strokes 
penetrate  the  surface.  This  machine  is  correctly  described  as  a 
pecking  machine ;  excepting  that  it  has  a  slight  digging  action, 
its  operation  is  precisely  that  of  a  pick.  In  some  experiments  tried 
by  the  author  with  this  machine  in  Beading,  the  machine  was 
attached  to  a  10-ton  Wallis  &  Steevens  road  roller  ;  it  easily 
broke  up  the  hardest  Guernsey  granite  macadam  which  he  could 
find  in  Beading.  It  did  not  appear  to  affect  the  ease  of  working 
whether  the  road  operated  upon  was  thoroughly  soaked  with  water 
or  quite  dry. 

When  using  a  "  scarifier "  the  author  has  found  it  essential 
to  have  the  road  thoroughly  soaked  with  water.  The  plate 
does  not  show  the  casing  around  the  apparatus;  this  casing 
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consists  of  stout  sheet  iron  or  steel,  lined  with  thick  canvas 
or  cocoanut  fibre.  This  casing  is  necessary  as  the  picks  cause 
stones  to  scatter. 

The  author  has  not  had  one  of  these  machines  under  his 
charge,  consequently  he  cannot  say  how  it  would  behave  in 
regular  work,  but  having  had  some  experience  with  pneumatic  ore- 
stamping  machinery  doing  very  rough,  trying  and  somewhat 
similar  work,  he  sees  no  reason  why  this  power-driven  road  pick 
should  not  wear  well.  The  work  done  by  it  is  of  the  most 
thorough  and  satisfactory  character.  It  breaks  a  small  proportion 
of  the  stones  in  the  macadam  operated  upon,  but  stones  are  not 
crushed  by  it ;  the  stones  it  breaks  are  usually  the  larger  ones. 
This  feature  of  the  machine  is  considered  to  be  advantageous 
rather  than  otherwise.  A  10-ton  roller  with  Wallis's  Road 
Pecker  attached  required  the  services  of  a  driver  and  one  assistant  ; 
it  broke  up  from  300  to  390  superficial  yards  of  hard  Guernsey 
granite  macadam  per  hour.  Probably  with  extended  experience 
400  yards  an  hour  might  regularly  be  broken  up  by  it. 

This  machine  has  the  following  characteristics : — 

1.  It  is  attached  to  and  is  entirely  supported  by  the  roller. 

2.  It  does  not  in  any  way  interfere  with  the  ordinary  uses  of 
the  roller. 

3.  For  patching  it  is  instantly  available  for  loosening  macadam 
in  low  places  ;  after  new  material  has  been  applied,  the  roller 
carrying  the  road  pick  can  at  once  proceed  to  roll  such  material  in. 

Since  the  preceding  description  of  Messrs.  Wallis  &  Steevens' 
Eoad  Pick  was  written  they  have  introduced  a  machine  on  the 
same  principle,  running  on  its  own  road  wheels  and  drawn  by  a 
road  roller.  The  crank  shaft  is  actuated  by  a  three-cylinder 
engine  supplied  with  steam  from  the  boiler  of  roller.  The  following 
is  a  brief  description  of  the  parts — 

A  is  the  tender  of  a  steam  road  roller. 

B  is  a  bracket  bolted  to  the  tender. 

C  is  a  cross  spindle,  allowing  for  the  rise  and  fall  motion  of  the 
machine. 

D  is  the  draw-bar,  with  two  bosses  which  take  the  spindle  E, 
allowing  of  a  side  motion  to  the  machine. 

The  spindle  E  is  attached  to  the  frame  F. 

The  machine  is  carried  on  two  road  wheels  (x. 

H  is  a  three-cylinder  engine,  to  which  steam  is  conveyed  by 
steam  pipe  and  patent  flexible  tubing,  from  the  boiler  to  the  inlet 


MACHINERY  AS  APPLIED  TO  THE  BREAKING  UP  OF  MACADAM.  113 

marked  "  steam  inlet,"  and  conveyed  to  the  chimney  of  the  roller 
in  a  similar  way  from  the  outlet  marked  "  exhaust  outlet.5'  The 
engine  drives  direct  on  to  a  three-throw  crank  I,  each  throw  of 
the  crank  driving  one  pneumatic  peck  head  J.  For  clearness  in 
the  diagram  only  one  pneumatic  peck  head  is  shown. 

The  crank  shaft  is  fitted  with  a  fly-wheel  K,  and  stop  valve  and 
governors  to  regulate  the  speed  ;  these  fittings  have  not  been  shown. 
The  pneumatic  peck  cylinders  J  are  driven  by  the  connecting  rods 
L,  and  pivoted  from  the  countershaft  M,  and  held  in  their  places 
by  rocking  levers  N.  The  action  of  one  revolution  gives  the 
pecking  motion  which  is  represented  by  one  curve  O,  as  shown. 
Two  curves  are  given  for  the  pecked  line,  showing  how  one  impact 
laps  the  previous  one. 

P  is  a  countershaft  carrying  two  rack  pinions,  which  gear  into 
two  racks ;  Q,  the  raising  motion,  being  through  the  handle  and 
pinion  E,  which  is  locked  by  the  lever  S.  This  gives  a  very  quick 
and  easily  handled  raising  and  lowering  motion. 

Henderson's  machine  is  manufactured  for  Mr.  A.  J.  Henderson, 
C.E.,  District  Surveyor  of  the  Kingston  Highway  Board,  Surrey. 
It  consists  of  a  strong  iron  frame  A,  approximately  triangular  in 
plan,  supported  at  the  front  by  two  wheels  B  ;  the  axle  C,  on  which 
these  wheels  revolve  is  held  in  elongated  staples  D  ;  either  end  of 
this  axle  can  be  raised  or  lowered  by  means  of  one  of  the  two  sets 
of  worms,  worm-wheels  and  screw  gears  E.  Under  the  centre  of 
the  back  of  the  triangular  frame  a  crutch  P  is  pivoted  in  which 
revolves  a  wheel  Gr.  The  machine  is  drawn  by  means  of  a  draw- 
bar H,  on  each  side  of  the  front  of  the  frame.  Through  holes  in 
the  front  ends  of  these  draw-bars  are  passed  stout  vertical  bars  J , 
strongly  attached  to  the  hind  corners  of  an  ordinary  10-ton  roller. 
The  scarifying  or  drilling  tools  K,  operating  on  the  macadam  which 
is  being  broken  up,  consist  of  lj-inch  diameter  round  iron,  steeled 
at  their  points,  which  are  wrought  sharply  conical,  and  turned  at 
their  other  ends  to  fit  the  recesses  in  the  drill  sockets  L,  in  which 
they  are  held  by  split  cotters.  The  drill  sockets  and  spindles, 
nine  in  number,  are  carried  in  proper  bearings  in  a  girder  M, 
supported  at  each  end  by  the  framing  of  the  machine.  To  the 
top  of  each  drill  spindle  is  keyed  a  bevel  wheel  N,  which  gears 
into  one  of  nine  bevil  wheels  O,  keyed  to  the  horizontal  shaft  P, 
which  runs  in  bearings  in  the  sides  of  the  frame.  This  shaft  is 
driven  through  the  train  of  toothed  wheels  Q,  K,  S.  On  the  shaft 
T,  to  which  wheel  K  is  attached,  a  belt  pulley  is  keyed.  This 
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pulley  receives  motion  through  a  belt  which  connects  it  to  the  fly- 
wheel of  road  roller. 

The  depth  regulating  gear  E  enables  the  adjustment  of  the 
scarifying  tools  K  to  suit  the  camber  of  a  road  where  the  haunches 
fall  sharply  to  the  channels.  At  each  end  of  the  shaft  U  is  a  clutch, 
gearing  into  a  worm  ;  the  shaft  has  a  hand-wheel  at  its  centre.  The 
rotation  of  the  hand-wheel  rotates  either  or  both  of  the  worms  at 
the  will  of  the  attendant.  The  weight  of  this  machine  is  about 
2^  tons. 

The  author  saw  one  of  these  machines  at  work  near  Wimbledon 
during  the  past  autumn.  It  was  being  drawn  and  driven  by  an 
Aveling  &  Porter  10-ton  roller,  mounted  on  ordinary  rollers  ;  the 
material  operated  upon  was  granite  macadam  which  had  not,  the 
author  was  informed,  been  disturbed  for  some  seven  or  eight  years. 
The  machine  broke  up  this  macadam  in  a  most  effectual  manner, 
and  did  not  cause  any  pieces  of  stone  to  fly  about.  The  macadam 
had  previously  been  thoroughly  watered,  the  surface  had  become 
somewhat  greasy.  In  one  place  the  roller  was  not  able  to  pull  the 
apparatus  through  at  the  first  trial,  but  on  reversing  and  getting 
a  fresh  start  the  hard  piece  was  broken  up.  Mr.  Henderson 
states  that  since  he  put  the  first  of  these  machines  to  work  in  his 
district,  it  has  displaced  hand  labour  in  breaking  up  roads.  He 
considers  the  machine  will  do  as  much  work  as  one  hundred  men. 
The  author  did  not  see  an  attempt  to  break  up  macadam  with 
this  machine  with  the  drilling  apparatus  out  of  gear,  but  was 
informed  that  it  failed  in  its  purpose  unless  the  scarifying  tools  or 
drills  were  rotated.  One  great  advantage  of  the  rotation  of  the 
tools  is  that  they  keep  themselves  sharply  pointed.  To  save 
stretching,  slipping  &c,  of  the  drill-driving  belt  between  the  fly- 
wheel of  roller  and  the  scarifier,  a  cover  should  be  provided  for 
it.  Henderson's  machine  has,  up  to  the  present,  been  arranged  to 
operate  when  travelling  in  one  direction  only,  that  is,  when 
the  roller  drawing  it  is  going  forward.  When  the  end  of  cut  is 
reached  the  scarifying  tools  are  raised  and  the  roller  proceeds, 
tender  first,  pushing  the  scarifier  back  into  position  to  commence 
another  cut  parallel  to  the  previous  one.  It  depends  on  the  hard- 
ness of  the  macadam  being  operated  upon  whether  all  the  nine 
drills,  or  a  portion  only  of  them  are  used  at  once. 

Fowler's  machine  is  made  by  Messrs  John  Fowler  &  Co., 
Engineers,  Leeds.  The  author  has  not  been  so  fortunate  as  to 
see  one  of  these  machines  at  work ;  in  fact,  they  are  only  in  the 
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experimental  stage  at  present ;  Messrs.  Fowler  &  Co.  have,  however, 
supplied  the  following  description  of  their  machine  :— 

It  "  resembles  in  many  respects  implements  heretofore  made  for 
cultivating  land ;  it  is  adapted  to  be  drawn  to  and  fro  along  the 
road  by  ropes  led  to  it  from  a  winding  engine.  The  machine 
consists  of  a  frame  supported  by  a  steering-wheel  in  front,  and  a 
pair  of  larger  wheels  on  a  cranked  axle  in  rear.  Near  the  fore 
end  of  the  frame  a  rope  lever  is  provided;  the  hauling  and  trail- 
ing ropes  are  attached  to  this  lever.  When  the  direction  of 
traction  is  reversed  the  rope  lever  swings  over,  and  in  so  doing 
turns  the  cranked  axle  partly  round  and  thereby  lifts  the  rear 
part  of  the  frame.  The  axle  is  retained  by  a  catch,  which  is  re- 
leased when  the  frame  is  wanted  to  descend  to  its  working  position. 
The  tools  which  penetrate  the  surface  of  the  road  are  triangular 
pieces  of  hardened  steel ;  they  are  set  in  sockets  prepared  for  them 
in  the  underside  of  a  massive  casting  or  sole  plate,  which  is  fixed 
to  the  frame  and  extends  across  it  from  side  to  side  beneath  the 
axle.  Each  tool  has  two  cutting  angles,  and  one  is  held  in  the 
socket  whilst  the  other  is  at  work.  A  locking  screw  retains 
the  tool  in  the  socket.  The  number  of  teeth  may  be  varied,  but 
four  is  a  convenient  number.  This  implement  may  also  be  used 
with  a  traction  engine." 

Messrs.  Fowler  state  that  experiments  which  have  been  made 
with  this  machine  have  been  very  satisfactory. 

The  author  regrets  that  he  is  unable  to  illustrate  this  machine. 
Whether  the  use  of  rope  traction  would  prove  less  or  more  ob- 
jectionable than  the  use  of  a  roller  or  traction  engine  for  drawing 
a  scarifier,  appears  to  the  author  to  depend  to  a  great  extent  upon 
whether  traffic  is  to  be  permitted  or  not  in  the  road  being  scari- 
fied. If  the  road  is  to  be  kept  open,  unless  it  be  a  wide  one  or 
not  a  busy  one,  it  seems  probable  that  rope  traction  would  be 
found  objectionable.  The  author  would  be  glad  to  elicit  opinions 
on  this  point. 

Since  the  above  particulars  respecting  Messrs.  Fowler's  machine 
were  written  they  have  supplied  the  author  with  additional  infor- 
mation. The  method  of  traction  shown  in  the  diagram  illustrating 
Fowler's  system  is,  as  far  as  the  author  is  aware,  distinctly  novel  as 
applied  to  road  scarifying ;  it  enables  a  road  roller  or  other  engine 
to  exercise  almost  double  the  tractive  force,  due  to  direct  coupling, 
at  one  half  the  speed. 

It  will  be  seen  that  Fowler's  patent  scarifier  is  worked  by  means 
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of  a  wire  rope,  one  end  of  which  is  attached  to  an  ordinary  "steam 
road  roller ;  this  rope  passes  around  a  horizontal  pulley  of  large 
diameter  on  the  scarifier,  and  back  to  a  claw  anchor  fixed  at  any 
convenient  position  in  the  roadway.  Messrs.  Fowler  &  Co.  state 
that  a  width  of  3  feet  of  hard  macadam  can  be  broken  up  at  one 
cut  by  this  instrument  when  pulled  by  an  ordinary  steam  roller,  at 
the  same  time  the  road  which  has  already  been  broken  up  and 
reformed  is  being  re-rolled.  It  will  be  seen  that  where  this  is  the 
case  the  roller  is  employed  in  "  breaking  up  "  and  "  rolling 99  at  the 
same  time.  The  teeth  or  tynes  can  be  raised  or  lowered  and  the 
scarifier  steered  in  any  direction  by  one  man. 

An  unfortunate  breakage  in  transit  made  it  impossible  to  show 
Fowler's  machine  at  work  when  the  Association  saw  various 
scarifiers  in  action.  The  broken  part  having  been  renewed,  the 
machine  was  used  on  a  granite  macadam  road  in  Eeading,  it  being 
drawn  by  a  10-ton  roller  with  the  greatest  ease.  The  road  in 
question  is  not  one  on  which  the  traffic  is  very  frequent. 

The  steel  hauling  rope  gave  no  trouble.  The  author  found Athat 
the  passage  of  vehicles,  including  the  road  roller  over  the  rope,  even 
when  the  latter  was  in  bights,  did  not  injure  it.  The  author  under- 
stands that  Messrs.  Fowler  see  their  way  to  a  great  improvement 
by  working  on  the  lines  of  the  patent  of  Mr.  Henry  Lewis. 

A  scarifier,  described  as  a  pavement  plough  by  its  manufacturers, 
is  made  by  the  Syracuse  Chilled  Plough  Company,  New  York. 
This  scarifier  is  drawn  by  four  to  eight  horses  ;  the  illustration 
on  the  opposite  page  shows  its  general  features. 

The  handles  are  provided  with  fenders  to  protect  the  operator's 
hands  and  at  the  same  time  to  protect  and  strengthen  the  handles. 
The  shoe  is  adjustable  in  two  ways :  it  is  raised  andj  lowered  by 
changing  the  bolts ;  it  can  be  turned  completely  round,  one  side 
having  a  pointed  nose  while  the  other  has  a  more  blunted  one. 
It  is  found  that  in  some  work  the  sharp  nose  is  the  better,  in  other 
work  the  blunt  one  is  more  suitable.  The  scarifier  tool  or  point 
is  an  adjustable  and  double  reversible  bar  steel  point.  It  can  be 
turned  end  for  end  and  bottom  for  top.  In  turning  the  latter  way 
it  sharpens  itself.  It  can  be  made  longer  or  shorter  by  taking  off 
the  plate  that  is  on  the  side  of  the  beam  ;  this  will  allow  the  bolts 
holding  the  point  to  be  got  at.  By  taking  out  these  bolts  the 
point  can  be  pushed  forward  or  drawn  backward,  several  holes 
being  provided  giving  a  choice  of  positions  in  which  the  point  may 
be  held.    The  Syracuse  Company  also  make  somewhat  similar 
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ploughs  or  scarifiers  for  heavier  and  for  lighter  work.  That  de- 
scribed costs  61.  5s.  at  Syracuse,  New  York  ;  its  makers  say  that  it 
is  especially  adapted  for  tearing  up  cobble  stones,  macadam,  &c.  It 
weighs  about  2\  cwt. 

The  author  has  not  been  so  fortunate  as  to  see  one  of  these 
ploughs  in  operation,  but  it  appears  to  be  a  suitable  tool  for  use  in 
districts  where  steam  power  for  haulage  is  not  available,  or  where 
horse  hire  is  cheap. 

"With  regard  to  the  general  results  arising  from  the  use  of 
suitable  machines  for  breaking  up  roads,  the  author's  experience 
has  proved  to  him  that  such  work  can  be  done  much  more 
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thoroughly  and  quickly  than  by  manual  labour,  at  a  cost  which 
has  not  amounted  in  the  average  to  more  than  half  that  of  manual 
work. 

With  the  scarifiers,  including  Henderson's  machine,  stones, 
chips,  &c,  are  not  projected  through  the  air  at  all ;  with  Voysey 
and  Hosack's  machine,  stones,  &c,  are  not  projected  more  than 
2  or  3  feet,  and  not  in  such  a  manner  as  to  cause  inconvenience 
or  danger ;  with  the  Wallis  road  pick  all  the  stones  which  are 
projected  are  at  once  stopped  by  the  padded  casing  which  encloses 
the  apparatus.  Consequently  it  will  be  seen  that  one  of  the  great 
inconveniences  and  dangers  constantly  arising  when  hand  picking 
is  being  done  is  avoided  by  the  use  of  either  of  the  machines 
described. 

By  the  aid  of  a  machine,  work  can  be  carried  on  at  night  time  as 
well  as  by  day,  only  ordinary  hand  lanterns  being  required  to  show 
the  depth  of  cut,  &c. 

In  refacing  rough  roads  which  have  sufficient  or  nearly  sufficient 
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metal  upon  them  a  road-breaking  machine  is  most  valuable.  In 
most  towns  it  is  not  possible  to  obtain  sufficient  men  experienced 
in  road  picking  to  break  up  a  road  at  a  rate  approaching  the  speed 
of  machine  work. 

In  conclusion  it  is  hoped  that  the  reading  of  this  paper  may  give 
rise  to  a  valuable  discussion,  and  to  the  collection  of  further 
information  on  "Machinery  as  Applied  to  the  Breaking  up  of 
Macadam,"  which  of  necessity  is  a  subject  of  considerable  interest 
to  engineers  and  surveyors  who  happen  to  have  considerable 
lengths  of  macadamised  roads  under  their  care. 


DISCUSSION. 

The  President  :  Gentlemen,  the  discussion  on  Mr.  Collins' 
paper  is  now  open,  but  before  the  Members  express  their  opinions 
with  regard  to  scarifying  machines,  I  wish  to  ask  the  represen- 
tatives of  any  firms  who  make  these  machines  if  they  would 
like  to  supplement  what  has  appeared  in  the  paper  by  any  remarks 
of  their  own.  If  they  wish  to  do  so  we  shall  be  glad  to  hear  them. 
We  are  all  here  for  information.  As  a  rule  we  are  not  favourable 
to  patentees  advertising  their  wares  at  our  meetings,  but  this  is  an 
exceptional  occasion,  and  I  have  taken  the  liberty  of  asking  the 
representatives  of  the  various  makers  whether  they  have  anything 
to  say  in  regard  to  their  machines. 

Mr.  Eutty  :  I  think  the  machine  speaks  for  itself,  and  there  is 
no  need  for  me  to  add  to  the  description  which  has  been  given  of  it 
by  Mr.  Collins. 

Mr.  Yoysey  :  I  thank  you,  Mr.  President,  for  the  opportunity 
of  saying  a  few  words  to  the  engineers  present,  but  I  do  not  think 
I  need  trouble  the  meeting  as  you  have  seen  the  machine  at  work 
and  it  is  so  ably  described  in  Mr.  Collins'  paper. 

Mr.  Warner  :  I  do  not  think  I  can  describe  the  machine  more 
fully  than  Mr.  Collins  has  done.  If  any  of  the  gentlemen  who 
have  seen  the  machine  at  work  wish  to  know  anything  more  about 
the  mechanism,  I  shall  be  pleased  to  give  them  particulars. 

Mr.  Collins  :  There  are  several  gentlemen  who  wish  to  know 
the  price. 

Mr.  Warner  I  think  the  present  is  hardly  the  occasion  to  go 
into  that  question. 

Messrs.  Wallis  &  Steevens'  representative  said:  I  am  very 


DISCUSSION. 


119 


much  obliged  to  you  on  behalf  of  my  company  for  kindly  allowing 
me  to  speak.  The  machine  is  totally  different  to  the  scarifiers 
which  have  been  in  use  for  some  years,  and  we  should  like  the 
advice  of  municipal  engineers,  as  far  as  we  can  get  it,  as  to  what 
you  wish  the  machine  to  do.  We  have  had  various  opinions  given 
to  us  as  to  the  depth  to  which  we  should  break  up  ;  and  we  have 
constructed  a  machine  which  can  either  score  a  road  or  break  it  up 
any  depth.  By  varying  the  power  of  the  machine  we  can  also  use 
it  with  equal  facility  over  a  hard  or  soft  road.  Of  course,  the 
harder  the  road  the  slower  the  machine  must  go.  We  began  with 
the  principle  that  the  pick  or  road  breaker  must  be  worked  by  a 
10-ton  roller,  without  damage  to  the  roller.  We  have  accomplished 
that,  and  demonstrated  that  a  10-ton  roller  will  work  the  machine 
when  it  is  picking  a  road  to  a  considerable  depth.  I  do  not  think 
I  need  say  anything  about  the  design  of  the  machine,  because  you 
have  seen  it,  and  Mr.  Collins  has  described  it  very  accurately.  I 
may,  however,  just  point  out  that  in  a  trial  at  Millbrook  733  super- 
ficial yards  were  broken  up  in  2  hours  35  minutes  at  a  cost  of  about 
9s.  6d.,  or  about  6^  yards  for  a  Id.  If  you  include  the  cost  of  the 
road  roller,  and  due  allowance  for  depreciation,  it  works  out  at  5^ 
yards  for  a  Id 

Mr.  Henderson  :  I  very  much  regret  that  I  have  not  been  able 
to  have  my  scarifier  here  to-day  for  you  to  see  its  method  of 
working ;  but  I  preferred  to  come  to  the  meeting  as  a  municipal 
engineer  and  not  as  a  manufacturer.  The  machine  which  I  have 
designed  for  the  breaking  up  of  roads  in  my  district,  is  one  on  the 
principle  of  a  rock  drill,  only  it  strikes  no  percussive  blow.  The 
drills  break  up  the  macadam,  and  the  stones  fall  in  the  track  in 
which  the  drills  work,  so  there  are  no  deep  scores  and  no  uneven- 
ness  left  after  the  machine  has  travelled  the  length  of  the  road. 
The  road  breaker  can  be  very  easily  attached — as  you  can  see  by 
the  diagram — to  a  steam  roller,  and  immediately  after  it  has 
finished  the  work  of  breaking  up  the  machine  can  be  disconnected 
and  the  roller  resume  its  work.  I  hope  if  any  municipal  engineer 
is  going  to  embark  in  the  purchase  of  a  road  breaker  he  will  see 
all  the  machines,  mine  included,  before  making  a  purchase. 

Mr.  Evershed :  I  find  in  practical  working  Fowlers  machine 
can  break  up  a  length  of  road  of  about  40  yards  in  an  hour.  An 
ordinary  10-ton  roller  will  work  the  machine.  My  idea  is  that 
a  scarifier,  to  be  widely  adopted,  must  be  capable  of  being  worked 
by  a  10-ton  roller.    The  same  number  of  men  who  are  employed 
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in  putting  on  the  metal  can  work  the  scarifier.  It  is  a  very  simple 
instrument,  and  can  be  lifted  readily  by  one  man  over  any  obstruc- 
tion in  the  road. 

The  President  :  You  said  the  machine  could  do  40  yards  per 
hour — six  lengths  ? 

Mr.  Evershed  :  Yes ;  240  super,  yards. 

The  President  :  At  what  cost  ? 

Mr.  Evershed  :  I  have  not  gone  into  the  cost,  but  I  should  be 
willing  to  take  any  work,  as  a  contractor,  at  a  farthing  per  square 
yard. 

The  President:  Some  of  the  makers  are  rather  diffident  in 
adding  anything  to  the  description  already  given  of  their  machines, 
or  else  they  think  that  they  speak  for  themselves.  In  any  case 
we  should  have  been  glad  to  have  further  information  as  to  cost  of 
working,  but  perhaps,  as  Mr.  Warner  pointed  out,  the  time  is  not 
quite  ripe  for  that  at  present. 

Mr.  Lowe  :  Although  a  formal  vote  of  thanks  was  accorded  to 
Mr.  Collins  at  the  prior  meeting  in  the  Town  Hall,  I  think  a  special 
vote  of  thanks  should  be  given  to  him  for  the  great  trouble  he  has 
taken  in  affording  us  so  good  an  opportunity  of  seeing  all  these 
machines  at  work,  and  forming  our  judgment  upon  their  merits. 
I  have  had  experience  of  two  of  the  machines,  those  of  Messrs. 
Kutty  and  Voysey,  and  undoubtedly  they  have  done  good  work. 
These  two  firms  take  road-breaking  work  in  the  London  district  at 
a  contract  price  of  Id.  per  square  yard.  Taking  the  cost  of  labour 
on  the  roads  at  5d.  per  hour — the  ordinary  cost  in  the  metropolitan 
districts — the  cost  of  hand  picking  is  l*83cZ. ;  to  that  must  be 
added  the  cost  of  the  implements  used,  #43<i,  making  the  total 
cost  2'22d.  per  square  yard.  So  at  the  contract  price  of  Id. 
per  yard  the  machine  does  double  the  work;  there  is  no  doubt 
about  that.  So  far  as  I  can  judge  of  the  machine  work  done  in 
my  district,  the  roads  have  worn  exceedingly  well,  and  the  work 
has  been  done  more  expeditiously  and  with  less  inconvenience  to 
the  public.  It  would  perhaps  be  presumptuous  in  me  to  offer 
an  opinion  on  the  other  machines,  of  which  I  have  not  had 
sufficient  experience ;  but  Voysey 's  machine  requires  a  careful 
trial,  as  it  seems  to  get  over  some  of  the  difficulties  apparent 
in  Butty's  machine,  in  regard  to  plug  boxes,  gratings  and 
other  obstructions  met  with  in  the  roads.  The  Local  Boards 
will  be  glad  to  know  they  can  get  5  yards  picked  for  Id.  by 
machine.    As  I  have  said,  we  have  been  paying  the  owners  of 


DISCUSSION. 


121 


the  machine  Id.  per  yard  on  contract ;  if  they  can  see  their  way 
to  do  5  yards  for  Id.,  the  Local  Boards  will  have  to  consider 
carefully  if  the  machines  will  not  supersede  hand  labour.  I  must 
say,  however,  that  at  the  present  time  public  opinion  is  in  favour  of 
as  much  work  as  possible  being  found  for  men,  and  the  labour 
question  is  one  which  will  arise,  and  be  very  difficult  to  deal  with, 
in  deciding  whether  machines  shall  supersede  hand  labour.  The 
point  is  a  very  important  one,  and  surveyors  within  the  metro- 
politan area  are  well  aware  of  the  serious  problem  before  them. 

Mr.  Weaver  :  I  am  sure  the  Association  is  very  much  obliged 
to  Mr.  Collins  for  the  carefully  prepared  details  which  he  has  set 
forth  in  his  paper  as  to  the  construction  and  working  of  the 
machines  we  have  inspected ;  but  the  details  of  the  cost  of  working 
are  not  so  fully  set  forth  as  one  might  wish.  The  author  states 
generally  the  cost  of  machine  picking  as  about  half  that  of  hand 
labour.  The  items  upon  which  such  comparative  estimates  are 
based,  are  not  given ;  but  it  is  very  essential  the  items  should  be 
given  if  surveyors  are  to  make  up  their  minds  as  to  superseding 
hand  labour  by  machine  labour.  In  watching  the  experimental 
working  of  the  machines  on  the  road,  every  one  will  have  noted 
that  the  picking  consists  of  a  number  of  parallel  grooves  driven 
into  the  granite ;  unless  these  grooves  are  driven  very  deep  the 
intervening  granite  is  not  disturbed.  You  have  a  line  of  ridges 
left  along  the  road,  and  if  you  put  on  2  inches  of  granite  you  do 
not  get  a  road  of  equal  solidity,  as  in  the  case  of  hand  labour,  where 
the  old  road  has  all  been  lifted.  If  I  was  a  surveyor  in  a  country 
district  I  should  adopt  one  of  these  machines  immediately,  because 
you  could  do  a  great  deal  of  work  and  get  right  ahead.  If  you 
have  to  do  a  long  length  of  country  roads  by  hand  labour,  the 
difficulty  of  supervision  is  very  great,  and  you  will  find  your  men 
coming  late  and  leaving  off  early.  On  the  ordinary  narrow  metro- 
politan roads  I  should  never  think  of  adopting  one  of  these 
machines.  I  have  two  roads — the  Cromwell  Eoad  and  the  Queen's 
Gate  Eoad — broad  roads,  100  feet  wide,  but  every  10  feet  or  so 
you  come  to  a  plug  box,  a  grating  or  an  electric  light  cover,  and 
at  every  one  of  these  obstructions  the  machine  has  to  be  thrown 
out  of  work.  The  machine  would  have  to  be  followed  by  men 
who  would  have  to  carefully  pick  with  hand  all  round  these  boxes, 
plugs,  &c. ;  the  time  occupied  in  doing  this  would  absorb  a  good 
deal  of  the  difference  in  cost  between  machine  and  hand  labour. 
Taking  everything,  I  am  sure  the  machine  would  not  result  in 
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economy  in  London  streets.  I  have  watched  the  machines  in 
Hyde  Park,  and  there  I  admit  they  work  admirably.  But  there 
you  have  fine  wide  roads,  without  a  grating  or  plug  box  through- 
out the  entire  length,  and  nothing  to  disturb  the  uniform  surface 
of  the  road.  It  can  sail  away  on  a  road  of  that  description  and  do 
good  work ;  but  when  you  come  to  the  narrow  metropolitan  streets, 
where  all  the  difficulties  which  I  have  described  exist,  you  will  find 
there  is  no  advantage  in  the  machines  over  hand  labour.  Then, 
unless  the  machines  cut  very  deep  the  old  road  is  not  sufficiently 
disturbed  to  form  a  good  solid  road ;  to  counteract  that  you  must 
cut  very  deep,  and  to  cut  deep  the  strain  is  too  much  for  a  10-ton 
roller.  These  are  simply  the  points  which  occurred  to  me  in 
watching  the  machine  at  work  this  morning.  In  Kensington  I 
pay  Id.  a  yard  (super.)  for  picking  and  lifting,  I  providing  picks 
but  the  men  pointing  same,  and  this  work  is  dovetailed  into 
the  work  of  unloading  road  materials  from  barges,  and  as  a  result, 
I  think  I  get  the  combined  work  executed  economically,  and  at 
the  same  time  the  men  earn  good  wages  in  return  for  hard  work. 

Mr.  Phillips  :  The  scarifying  of  roads  is  a  subject  to  which 
I  have  devoted  some  attention,  and  to  a  certain  extent  I  agree  with 
Mr.  Weaver  as  to  the  difficulty  of  using  the  machines  in  town 
streets.  For  country  roads — I  have  1027  miles  of  macadam  road 
to  look  after — we  are  bound  to  have  scarifiers.  We  have  eight 
steam  rollers,  and  hire  five  others,  and  we  find  on  our  roads  that 
hand  picking  is  absolutely  useless.  Hand  picking  and  scarifying 
are  two  very  different  things.  With  hand  picking  you  have 
grooves  cut  transversely  across  the  road,  and  you  can  see  every 
mark  of  the  pick.  With  scarifying  the  whole  surface  of  the  road 
is  disturbed  longitudinally,  and  there  is  not  the  jolting  as  in  hand 
picking.  I  have  been  trying  for  twelve  months  to  see  what  is  the 
best  thing  to  do,  and  I  do  not  think  there  is  the  least  doubt  that 
hand  picking  must  go.  The  labour  question  will  interfere  with  the 
alteration  from  hand  to  machine  labour  in  the  towns,  but  not  in  the 
country  districts.  We  have  come  to  this  fix  in  the  country  districts, 
that  we  must  have  machines.  The  great  difficulty  is  to  put  on  a 
road,  a  hard  steam  rolled  road,  just  as  much  metal  as  the  wear  takes 
off.  To  do  that  you  must  disturb  the  entire  surface  of  the  road  ; 
you  must  scarify.  The  scarifying  of  the  road  in  my  county  has 
resulted  in  the  saving  of  25  per  cent  of  metal.  So  when  you 
compare  the  difference  between  the  cost  of  lifting  the  road  by  hand 
and  the  scarifying  longitudinally  by  machine,  you  must  take  into 
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account  what  you  save  in  metal.  If  you  have  been  putting 
400  tons  of  metal  on  a  road,  and  you  save  100  tons  of  that,  you 
make  an  astounding  difference  to  the  comparative  cost  of  the  road. 
I  think  you  will  find  by  experience  of  hand  and  machine  scarifying 
that  the  machine  is  far  away  the  most  economical  and  the  best. 
I  am  now  going  to  tell  the  makers  that  I  do  not  think  there  is  a 
satisfactory  machine  yet,  and  I  am  not  prepared  to  recommend  my 
county  to  buy  any  machines  as  they  exist.  I  will  tell  you  why. 
The  scarifier  should  be  able  to  be  worked  by  the  steam  roller. 
You  do  not  want  to  import  a  traction  engine  into  every  district. 
Sometimes  with  us  we  should  have  to  move  the  roller  and  the 
scarifier  for  25  miles ;  and  that  would  be  a  very  great  expense. 
It  is  very  certain  that  any  one  of  the  scarifiers  we  have  seen  to-day 
would  keep  four  rollers  at  work.  The  machines  we  have  seen  at 
work  to-day  I  take  it  have  been  of  two  classes.  First  there  are  the 
machines  of  Mr.  Eutty  and  Mr.  Jackson,  which  are  copies  of  the 
cultivator  and  harrow  used  for  agricultural  work,  which  did  their 
work  very  well.  Then  there  are  the  machines  of  the  second  form, 
which  are  the  invention  of  engineers,  and  introduce  a  new  principle. 
It  is  for  us  to  consider  which  type  of  machine  is  the  solution  of  the 
problem.  Is  it  the  harrow  form  or  the  machine  form — the  steam 
digger  ?  My  mind  is  quite  an  open  one  as  to  which  is  the  best. 
I  will  tell  you  one  or  two  things  which  you  will  have  to  guard 
against  in  purchasing  these  machines.  Mr.  Weaver's  objection  is 
that  they  do  not  sufficiently  disturb  the  surface  of  the  road. 
Certainly,  if  you  are  to  use  two  inches  of  metal  on  the  road  the 
machine  ought  to  upset  the  whole  of  the  road.  I  tried  the  first 
harrow  scarifier  of  Jackson's  (I  have  not  tried  the  machine  kind), 
and  that  machine  did  its  work  with  a  traction  engine,  but  it  was  a 
most  difficult  machine  to  steer,  and  I  found  this  further  difficulty, 
that  when  you  disturbed  the  surface  of  the  road  it  crushed  the 
metal  it  had  already  disturbed.  That  is  the  initial  difficulty  with 
all  the  machines  we  have  seen  to-day,  that  they  must  in  doing 
their  work  pass  over  the  metal  they  have  already  disturbed  and 
crush  it,  thus  detracting  from  their  utility.  I  explained  to  the 
makers  that  it  was  a  very  difficult  machine  to  steer,  and  they  have 
sent  me  another  machine,  and  they  tell  me  it  can  be  drawn  by  a 
steam  roller,  but  I  am  not  sure  it  will  be  drawn  by  a  roller. 
There  is  also  another  difficulty  with  these  machines,  unless  you 
have  a  traction  engine  built  on  purpose  for  them  you  have  to  turn 
your  engine  round  to  work  back  again.    That,  in  a  narrow 


124  MACHINERY  AS  APPLIED  TO  THE  BREAKING  UP  OF  MACADAM. 

road  is  a  very  great  loss  of  time.  Without  a  traction  engine  built 
purposely  to  haul  from  both  ends  you  would  have  this  difficulty.  I 
tried  the  first  machine  Messrs.  Fowler  made.  It  was  very  primitive ; 
ships  did  not  reach  their  present  perfection  in  one  day,  and  we 
cannot  expect  these  scarifiers  will  reach  perfection  at  one  trial. 
The  first  machine  we  tried  with  a  wire  rope.  In  towns  where  you 
stop  the  traffic  it  can  be  very  easily  worked.  That  did  the  smartest 
work  we  have  had  done.  Then  they  invented  a  system  of  pulling 
it  with  an  anchor  and  rope,  and  that  has  answered  fairly  well. 
That  is  the  machine  in  embryo,  but  it  is  not  a  perfect  machine  yet, 
and  to  invent  a  good  scarifier  is  not  so  simple  an  operation  as  it 
may  appear. 

In  reply  the  author  states  that  if  a  road  be  rough,  but  not 
worn  down,  it  can  be  scarified,  regulated,  and  rolled  without 
any  addition  of  material  excepting  such  as  may  be  necessary  for 
binding. 

In  Beading  scarified  material  has  been  removed  from  roads 
which  have  been  built  up  too  high  and  used  elsewhere. 

As  regards  Mr.  Weaver's  questions,  the  author  had  prepared 
details  of  cost  of  hand  and  machine  road  breaking,  but  thinking 
such  details  of  insufficient  interest  he  did  not  include  them  in  his 
paper.    They  are  as  follows : — 

Cost  of  hand  picking  in  Friar  Street  (granite)  equal  to  machine 
work.  Labour  1  •  453c?.  per  square  yard,  repairing  picks,  and  horse 
and  driver  for  water  cart  •  147c?.  per  square  yard,  total  1  ■  6d. 

Cost  of  scarifying  in  Friar  Street,  inclusive  of  traction  engine 
and  driver  at  6s.  per  hour,  fuel,  oil,  flagman,  scarifier  attendant, 
horse  and  driver  for  water  cart,  and  sharpening  tools  '  625d. 

Cost  of  scarifying  1364  superficial  yards  in  Queen's  Road 
(granite). 

£     s.  d. 


Traction  engine  and  driver,  6  hours  at  6s   1  16  0 

Flagman  and  scarifier  attendant,  6  hours   0    4  9 

Coal     0    6  0 

Horse  and  driver  for  water  van,  2J  hours   0    2  3 

Smith  and  striker  repairing  tools    0    1  9 


£2  10  9 

This  is  equivalent  to  •  44d.  per  superficial  yard. 

The  excess  of  cost  in  Friar  Street  is  principally  due  to  the  fact 
that  the  traffic  in  that  street  necessitates  rolling,  scarifying,  &c,  to 
be  done  at  night  time  ;  this  is  not  the  case  in  Queen's  Eoad. 


DISCUSSION. 


125 


Mr.  Weaver's  objection  to  the  use  of  scarifiers  on  the  ground 
that  the  undisturbed  macadam  is  left  in  a  series  of  ridges  and 
furrows,  is,  in  the  author's  opinion,  based  upon  theory  only  ; 
practice  proves  that  such  irregularities  are  advantageous,  as  they 
help  to  dovetail  or  lock  the  newly  formed  top  layer  of  macadam  to 
the  lower  courses. 

In  Beading  it  has  not  been  necessary  to  scarify  more  than  from 

to  3  inches  deep  for  refacing  purposes. 

In  some  streets  which  have  been  scarified  surface  fittings  are 
numerous,  their  presence  has  added  nothing  to  the  cost  of  the  work. 
The  engine  is  not  checked  as  such  fittings  are  approached,  and  the 
scarifier  works  close  up  to  them  without  doing  any  damage. 

Where  the  engine  or  roller  is  fitted  to  draw  from  both  ends  the 
author  does  not  experience  difficulty  with  traffic  in  streets  which 
allow  of  steam  rolling  whilst  the  ordinary  traffic  proceeds.  The 
author  is  most  distinctly  of  opinion  that  machine  road  breaking  is 
better  than  the  average  of  that  done  by  manual  labour. 

In  answer  to  Mr.  Phillips,  the  author  states  that  he  has  got 
good  results  when  pulling  the  scarifier  with  a  10-ton  roller,  by 
using  one  or  two  teeth  instead  of  the  full  number  (three)  but 
he  does  not  favour  the  use  of  a  10- ton  roller,  as  ordinarily 
constructed,  for  pulling  a  scarifier.  The  tender  and  water  tank 
are  subjected  to  heavier  stresses  than  they  are  intended  to  bear, 
and  if  the  road  surface  is  very  strong  the  roller  is  often  out- 
matched. The  passage  of  the  roller  or  engine  over  scarified 
work  whilst  scarifying  does  not  injure  the  road  metal  nor  so  far 
roll  it  down  as  to  cause  any  difficulty  in  regulating  the  old 
material. 

The  Beading  roller  has  been  in  use  about  12  years.  The 
special  back  and  front  dr  ^w  gear  were  applied  under  the  author's 
direction  at  a  cost  of  about  15Z. 
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BOKOUGH  EnGINEEK,  &0. 

Beading — Area,  5878  acres. 
Population,  63,000. 
Bateable  value,  290,000?. 
One  penny  in  the  £  produces  1040Z. 

Borough  rate,  including  School  Board  precept,  1893-4,  Is.  lid. 
in  the  £. 

General  District  rate,  1893-4,  3s.  5d.  in  the  £. 
Beading  Corporation  stock,  3 \  per  cent.,  5O0,00OZ.;  3  per  cent,, 
165,000?. 

The  history  of  Beading  dates  back  to  the  year  868,  when  it  was 
taken  possession  of  by  the  Danes  under  their  leader  Ivar,  who 
fortified  it  against  the  Saxons,  and  dug  a  trench  between  the  rivers 
Thames  and  Kennet. 

The  principal  epoch  in  its  history  was  in  the  reign  of  Henry  L, 
when  that  monarch  founded  the  Abbey,  which  tended  to  give  great 
importance  to  the  place  if  not  actual  prosperity.  From  this  time 
Beading  at  intervals  figured  prominently  in  the  history  of  the 
country.  Parliaments  were  held  here,  and  Boyal  visits  were 
frequent.  A  mint  existed  in  the  Abbey,  some  of  the  money  coined 
there  being  still  extant,  although  very  scarce. 

The  Corporation  muniments  record  the  election  of  mayors  ever 
since  Edward  II.  (1324-5).  Probably  mayors  were  elected  long 
before  this  time. 

Its  industries  formerly  comprised  the  manufacture  of  woollens, 
sail  cloth,  gauze,  hat  bands,  ribbons,  shoe  strings,  &c,  but  all  of 
these  industries  have  long  since  declined,  and  given  place  to  trades 
of  quite  a  different  character,  the  principal  of  these  being  biscuits, 
biscuit-boxes,  beer,  bricks,  seeds,  milling  machinery,  &c. 

Beading  is  built  partly  on  gravel  and  partly  on  clay  soil ;  chalk 
is  close  to  the  surface  in  places. 

The  population  has  nearly  doubled  in  twenty  years  owing 
principally  to  the  large  increase  of  many  of  its  industries,  and 
the  convenience  afforded  by  the  several  lines  of  railway  for  getting 
from  here  to  all  parts  of  the  country. 
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The  improvements  carried  out  during  the  last  couple  of  decades 
have  been  very  extensive  ;  large  and  handsome  business  premises 
have  been  erected,  and  some  of  the  streets  have  been  much  im- 
proved, and  their  appearance  entirely  altered  and  modernised. 

It  cannot  be  doubted  that  most  of  the  rapid  growth  of  the  town 
has  been  due  to  the  great  success  and  extensive  development  of 
Messrs.  Huntley  &  Palmer's  huge  biscuit  factory.  This  establish- 
ment employs  directly  about  5000  persons. 

Probably  the  most  important  municipal  work  carried  out  has 
been  the  purchase  and  preparation  of  the  sewage  farm,  and  the 
construction  of  the  sewerage  system  and  sewage  pumping  station. 
These  works  have  cost  about  350,000?.  Sewage  was  first  pumped 
to  the  farm  about  twenty  years  ago  ;  it  has  received  the  sewage  of 
the  borough  since  then. 

Heading  is  drained  on  the  separate  system.  Each  street  has 
two  distinct  systems  of  sewers,  one  for  sewage,  one  for  surface 
water ;  likewise  each  house  has  two  systems  of  drains.  Excepting 
in  a  few  special  cases,  no  surface  water,  even  that  flowing  from 
small  enclosed  yards,  is  permitted  to  flow  into  drains  connected 
with  the  sewage  sewers. 

As  a  result,  ordinary  rainfalls  have  no  appreciable  effect  on  the 
flow  of  sewage  to  the  sewage  pumping  station.  During  long 
periods  of  heavy  rain,  larger  quantities  than  usual  have  to  be 
pumped  to  the  farm ;  some  of  this  flows  into  the  sewers  through 
ventilating  manhole  and  lamphole  covers,  some  comes  from  the 
relatively  few  open  yards  connected  to  the  sewage  sewers,  some  is 
subsoil  water.  On  a  few  occasions  when  the  Thames  and  Kennet 
have  been  in  flood  and  several  manholes  have  been  submerged,  it  has 
required  the  full  power  of  the  pumping  machinery  to  keep  the 
sewage  sewers  clear. 

The  average  quantity  of  sewage  pumped  is  about  1,500,000 
gallons  per  day. 

Diagrams  are  exhibited  showing  the  amounts  of  sewage  pumped 
and  depth  of  rainfall  on  corresponding  days. 

Nearly  the  whole  of  the  sewage  gravitates  to  the  sewage 
pumping  station  on  the  banks  of  the  Kennet  at  Blake's  Lock; 
here  there  are  two  complete  sets  of  pumping  plant  ;  one  consisting 
of  four  16-inch  plunger  pumps  driven  by  three  low-fall  (average 
3  feet)  vortex  turbines  made  by  Messrs.  Gilbert  Gilkes  &  Co.,  of 
Kendal  ;  the  other  plant  consists  of  two  jet  condensing  engines,  each 
driving  two  24-inch  plunger  pumps. 
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The  engines  were  made  by  Messrs.  Pratchett,  of  Carlisle. 
Previous  to  about  two  years  since  the  pumps  driven  by  the 
turbines  did  not  give  satisfaction,  but  no  fault  has  ever  been  found 
with  the  turbines.  Acting  under  the  author's  advice,  the  Corpora- 
tion empowered  him  to  remodel  the  turbine  pumps  and  the  regu- 
lating gear  of  the  turbines. 

The  defects  of  the  old  pumps  consisted  almost  entirely  in  the 
throttling  caused  by  the  smallness  of  the  suction  and  delivery 
pipes.  These  had  an  internal  diameter  of  9  inches,  those  now  in  use 
are  of  15  inches  diameter ;  the  author  was  unable  to  arrange  for 
pipes  of  the  full  diameter  of  plungers  (18-inch)  without  reconstruct- 
ing pump  chambers  ;  he  is  not  of  opinion  such  a  course  was 
necessary.  The  turbine  regulating  gear  was  arranged  to  be  worked 
by  hand ;  it  is  now  driven  by  the  turbines. 

The  improvement  of  the  water  power  pumping  plant  has  resulted 
in  such  a  great  increase  of  efficiency,  that  it  has  not  been  necessary 
to  use  the  steam  plant  to  anything  approaching  such  an  extent  as 
was  formerly  the  case,  notwithstanding  the  constant  additions  to 
the  sewers  and  sewerage  connections.  During  the  last  year  previous 
to  the  alterations  being  effected,  the  cost  of  fuel  was  about  700Z. ; 
during  the  first  year  after  the  alterations  the  cost  of  fuel  was  about 
200Z. 

The  steam  pumping  engines  used  to  be  troublesome  to  start, 
the  necessity  for  turning  the  engines  round  once  a  week  by  hand, 
for  the  purpose  of  keeping  them  in  good  order  during  periods  when 
the  turbine  plant  has  been  able  to  do  the  whole  of  the  necessary 
pumping,  was  a  constant  source  of  expense ;  to  obviate  these  in- 
conveniences, the  author  sought  and  obtained  authority  to  provide 
steam  barring  or  turning  engines  ;  these  were  purchased  from 
Messrs.  Galloway  &  Co.,  of  Manchester,  and  have  been  applied; 
they  are  found  to  be  of  the  greatest  service.  A  very  convenient 
fitting  and  machine  tool  shop,  with  the  necessary  lathes,  shaping, 
drilling,  pipe  and  bolt  screwing,  &c,  machines  has  been  provided, 
in  which  all  repairs  for  the  sewage  pumping  station,  and  a  large 
amount  of  work  for  the  Highways  Department,  the  Fire  Brigade, 
&c,  are  done.  The  fitting  and  erection  of  the  turbine  regulating 
plant,  the  erection  of  the  barring  engines,  including  the  fitting  of 
the  segmental  spur  rims  to  fly-wheels,  has  been  done  by  Mr.  Piatt, 
the  foreman  engineer  of  the  pumping  station,  and  his  staff  under 
the  direction  of  the  author. 

In  December  last  the  author  recommended  that  experimental 
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trials  be  made  to  show  whether  domestic  refuse  could  profitably 
be  burnt  in  the  furnaces  of  the  three  Lancashire  boilers  supplying 
the  pumping  engines. 

Temporary  forced  blast  fittings  were  made  at  the  pumping 
station  and  fitted  to  the  boiler  furnaces.  During  the  past  three 
months  the  engines  have  been  driven  by  steam  raised  from  the 
combustion  of  unprepared  house  refuse  only.  Those  who  visit  the 
sewage  pumping  station  will  see  that  the  forced  blast  apparatus  is 
of  the  simplest  description.  It  consists  of  a  sheet  of  iron  fitted  to 
each  ashpit  front,  two  holes  of  a  diameter  of  5  inches  are  cut  in 
each  plate,  and  two  sheet  iron  cones  are  fitted  to  these  holes ;  they 
have  a  length  of  15  inches,  a  diameter  at  the  smaller  end,  which 
points  under  the  grate  and  is  provided  with  louvres  to  deflect  a 
part  of  the  blast  up  under  the  front  ends  of  grates,  of  inches, 
and  a  diameter  at  the  larger  end  of  6  J  inches ;  a  J-inch  steam 
jet,  controlled  by  a  valve,  plays  through  the  centre  of  each 
cone. 

The  chimney  is  140  feet  high  above  the  grates,  by  three  feet 
square  internally. 

The  amount  of  refuse  consumed  averages  about  18  tons  per  day 
of  24  hours. 

The  author  has  not  made  any  tests  to  discover  the  rate  of 
evaporation  ;  he  thinks  that  about  1|  lbs.  of  water  are  evaporated 
per  1  lb.  of  refuse  burnt.  The  furnaces  are  fired  and  cleaned  by 
hand,  they  are  fitted  with  furnace  bars  supplied  by  Messrs.  Clark, 
of  Nottingham  ;  about  30  per  cent,  of  the  weight  of  refuse  fed  into 
the  furnaces  is  removed  as  hard  clinker.  It  requires  two  boilers 
heavily  fired  with  refuse  to  produce  as  much  steam  as  one  boiler 
lightly  fired  with  medium  quality  steam  coal.  Not  the  slightest 
nuisance  has  been  experienced.  With  regard  to  the  financial 
aspect,  in  the  case  of  Eeading,  all  the  sewage  can  be  pumped  by 
water  during  about  nine  months  in  the  year ;  during  this  time  only 
a  small  quantity  of  cheap  refuse  coke  is  burnt,  to  keep  boilers  hot 
and  maintain  draught  in  chimney  for  the  purpose  of  maintaining 
the  ventilation  of  the  outfall  trunk  sewer  ;  consequently  it  will  be 
seen  that  a  large  saving  in  cost  of  fuel  cannot  be  effected.  On  the 
other  hand,  the  handling  of  large  amounts  of  house  refuse  and 
clinker  necessitates  considerable  cost  in  labour.  As  a  result  the 
author  finds  that  the  cost  of  running  the  sewage  pumping  machinery 
will  be  increased  by  about  145Z.  per  annum  by  running  the  steam 
machinery  throughout  the  year,  using   house  refuse  as  fuel. 
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During  such  periods  as  water  power  is  not  available  and  steam 
must  be  used,  a  saving  of  10Z.  per  week  is  effected,  showing 
that  were  water  power  not  available  a  large  saving  would  be 
effected  by  the  use  of  house  refuse  instead  of  coal.  Notwith- 
standing that  a  loss  is  made  at  the  pumping  station  by  the 
use  of  house  refuse,  a  saving  is  made  in  the  cost  of  collection 
because  of  the  convenient  position  of  the  pumping  station ;  a  large 
saving  is  also  made  in  the  cost  of  disposal.  The  nett  result  is, 
that  a  saving  at  the  rate  of  about  320Z.,  per  annum  is  being  effected, 
if  the  cost  of  collecting,  burning  about  20  tons  per  day,  and 
boating  about  20  tons  per  day  to  the  sewage  farm  be  compared 
with  the  cost  of  collecting  and  boating  the  whole  of  the  refuse  to 
the  farm. 

The  sewage  is  pumped  to  Manor  Farm  through  a  24-inch  cast- 
iron  rising  main,  having  a  length  of  If  miles.  The  lift  from 
surface  in  pumping  well  to  top  of  delivery  is  48  feet.  Notwith- 
standing the  low  head  and  the  thickness  of  the  pipes  forming  the 
rising  main,  fractures  have  often  occurred  at  about  mid-length 
of  the  main.  Various  expedients  have  been  adopted  to  prevent 
the  bad  effects  arising  from  the  surging  of  the  sewage  flowing 
through  this  main  ;  about  six  months  since  certain  retaining  valves 
separating  the  air  vessels  and  relief  valves  at  the  pumping  station 
from  the  rising  main,  were  so  fitted  as  to  make  it  possible  to  fasten 
them  open  when  pumps  are  at  work,  and  now  the  difficulty  appears 
to  have  been  surmounted.  Where  possible,  sewers  have  been 
constructed  delivering  to  the  sewage  farm  by  gravitation. 

In  the  south-western  part  of  the  town  is  a  building  estate,  so 
situated  as  regards  levels  that  it  was  not  found  possible  to  cause 
the  sewage  flowing  from  it  to  enter  the  sewerage  system  of  the 
town  by  gravitation.  The  author  recommended  the  provision  of  a 
small  Tangye  gas  engine  driven  sewage  pumping  plant,  to  pump 
the  sewage  in  question  to  the  nearest  sewer.  This  plant  has  been 
installed  in  a  chamber  constructed  beneath  Bath  Koad ;  it  has 
been  at  work  over  a  year  and  has  given  the  utmost  satisfaction. 

Surface  ventilators  were  formerly  general  in  Beading ;  in  con- 
sequence of  the  complaints  they  gave  rise  to,  fourteen  Keeling's 
Sewer  Gas  Destructors  were  erected  about  four  years  since.  These 
ventilate  the  sewers  of  a  considerable  area  of  the  portions  added  to 
the  borough  in  1887.  In  other  parts  6-inch  pipes  have  been 
erected  against  houses,  or  tall  6-inch  or  9-inch  standards  have 
been  fixed  in  the  streets,     The  latter  system  has  proved  itself  to 
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be  quite  as  satisfactory  as  the  Keeling's  Destructors,  without 
the  heavy  expenditure  necessitated  by  this  latter  apparatus  for 
gas.  A  considerable  length  of  the  outfall  sewer  is  ventilated  by 
the  boiler  furnace  chimney. 

Three  350-gallon  water  carts  constantly  perambulate  the  town 
for  sewer  flushing  purposes.  One  Field  syphon  flusher  is  in  use, 
and  one  of  Braby's  tilting  flushers.  All  new  manholes  are  fitted 
with  oak  doors,  which  are  used  in  conjunction  with  the  flushing 
carts.  Where  carts  are  not  available  the  manholes  are  filled  from 
the  hydrants  by  means  of  hose.  About  5J  million  gallons  of  water 
are  used  annually  for  sewer  flushing. 

At  one  time  pipes  mounted  on  wheels  and  flexibly  connected 
were  used  for  street  watering  ;  with  increased  traffic  these  machines 
were  found  inconvenient  and  have  been  abandoned.  Now  all 
street  watering  is  done  with  carts  and  vans.  Four  vans  fitted 
with  Willacey's  patent  distributor  are  in  use.  They  do  thoroughly 
good  work  and  are  good  implements,  but  excepting  in  towns  where 
mechanics  are  regularly  employed  by  the  authorities  the  author 
cannot  recommend  their  adoption. 

One  sand-distributing  machine,  fitted  with  Willacey's  distributor, 
is  in  use.  By  its  use  roads  are  rapidly  prepared  for  traffic  in 
frosty  weather  or  when  otherwise  slippery.  This  machine 
requires  careful  attention,  but  it  has  proved  itself  worthy  of  all  the 
care  it  requires. 

The  sewage  farm  (Manor  Farm)  is  situated  about  If  miles 
south-west  of  the  town ;  it  is  within  the  boundary  of  the  borough  ; 
its  area  is  846  acres,  420  acres  of  which  are  available  for 
irrigation. 

Sewage  is  applied  to  the  land  in  its  raw  state,  with  results,  as  far 
as  crops  are  concerned,  which  are  not  in  the  author's  opinion 
always  satisfactory.  The  soil  of  the  farm  is  in  some  parts  clay, 
some  parts  gravel,  and  here  and  there  sand,  peat,  &c. 

Great  expense  was  incurred  by  the  Corporation  about  20  years 
since  in  lowering  the  levels  of  the  river  Kennet  for  the  purpose  of 
improving  the  drainage  of  the  farm.  This  work  necessitated  the 
purchase  of  a  mill,  the  reconstruction  of  two  locks  and  weirs, 
and  other  works,  for  which  Mr.  Mansergh  was  the  engineer  and 
Mr.  Donaldson  the  resident  engineer.  The  works  in  connection 
with  the  main  drainage  system  and  the  sewage  farm  were  also 
carried  out  by  those  two  gentlemen. 

The  Town  Halls,  Free  Library,  Museum  and  the  Art  Schools  in 
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connection  with  the  University  Extension  College  have  been 
built  at  various  times;  the  larger  portion  was  built  by  public 
subscription.  A  further  addition  at  the  north-west  corner  is 
about  to  be  erected  on  land  now  occupied  by  the  County  Court 
offices,  which  has  been  presented  to  the  town  by  Mr.  George 
Palmer  and  his  brother  Samuel,  to  enable  the  buildings,  in  which 
their  late  brother  William  Isaac  took  a  very  deep  interest,  to  be 
completed. 

At  the  rear  of  the  Town  Halls  is  situated  the  hospitium  of  the 
ancient  abbey  of  Beading;  this  was  restored  at  a  cost  of  about 
2000Z.  two  years  since,  by  men  in  the  employ  of  the  Corporation 
under  the  direction  of  the  author,  and  adapted  as  a  University 
Extension  College.  Mr.  Stallwood  (an  architect  in  practice  in 
Beading),  the  then  chairman  of  the  Survey  Committee,  was 
honorary  architect  for  the  restoration. 

The  Corporation  own  a  covered  market,  which  is  not  a  credit  to 
the  town,  and  a  corn  exchange  which  was  reconstructed  at  a  cost 
of  3400Z.  two  years  since  by  the  author.    In  designing  the  hot 
water  heating  apparatus  for  the  corn  exchange,  the  author 
arranged  for  carrying  out  on  a  large  scale  a  system  which  has 
been  proposed  from  time  to  ■  time,  but  never,  as  far  as  he  can 
ascertain,  previously  executed.    Around  the  floor  are  low  pressure 
pipes  and  radiators;  about  a  foot  below  the  glass  roof  high 
pressure  hot  water  pipes  are  fixed  ;  the  two  sets  of  pipes  are  quite 
distinct,  each  having  its  own  boiler.    The  pipes  of  the  coil  boiler 
of  the  high  pressure  system  and  the  trunk  pipes  connecting  the 
boiler  to  the  branches,  have  an  internal  diameter  of  If  inches  and 
an  external  diameter  of  2f  inches.    The  pipes  in  the  roof  are  of 
§-inch  bore.    The  experience  gained  during  two  winters  has 
proved  the  apparatus  to  be  most  efficient.    The  great  object 
aimed  at  in  placing  a  heating  system  in  the  roof  was  the  avoidance 
of  down  draughts  of  air  cooled  by  contact  with  the  glazed  roof. 
Had  low  pressure  pipes  been  used  in  the  roof  they  must  have  been 
large  and  unsightly.     In  the  design  provision  was  made  for 
regulating  stop  valves  on  each  branch  of  the  high  pressure  system ; 
in  practice  it  was  found  the  system  regulated  itself,  and  as  diffi- 
culty was  experienced  in  maintaining  tight  joints  at  the  junctions 
of  the  gun-metal  valves  with  the  iron  pipes,  the  valves  were 
removed. 

At  the  Highway  Store  Yard  stabling  is  provided  for  thirty-two 
horses,  and  shedding  for  carts,  water-vans,  road-rollers,  &c. 
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About  two  years  since,  workshops,  stores  and  a  large  covered 
yard  were  constructed  under  the  direction  of  the  author  at  a  cost 
of  2000Z. 

An  old  open  air  bathing  place  adjoining  the  Thames,  with 
which  it  is  in  direct  communication,  had  got  into  such  a  ruinous 
condition  that  the  author  was  instructed  to  reconstruct  it.  This 
work  was  carried  out  during  the  summer  and  autumn  of  1893  ; 
the  cost  was  2700Z.  including  the  culverting  of  certain  ditches. 

The  floor  and  walls  are  of  cement  concrete ;  the  enclosure  is 
fenced  with  galvanised  corrugated  iron,  supported  on  T  and  L  iron 
framing  ;  a  ticket  office,  lavatory,  covered  seats  and  lock-up  dress- 
ing boxes  are  provided  ;  the  inlets  and  outlets  are  so  arranged  that 
water  can  be  let  in  or  out  at  either  end.  The  bath  is  210  by  60 
feet  by  6  feet  deep  at  the  deep  end  and  3  feet  at  the  shallow  end. 

The  Corporation  have  carried  out  numerous  street  improvements, 
one  of  which  is  now  proceeding. 

The  author  is  arranging  for  the  adoption  of  a  somewhat  unusual 
course  in  dealing  with  the  front  of  one  house  and  shop.  Instead 
of  taking  it  down  and  rebuilding  to  the  improved  line,  he  intends 
to  shorten  the  floor  joists,  roof  timbers,  &c,  to  construct  trestles 
beneath  the  brestsummer,  and  slide  the  front  back  by  means  of 
jacks  to  its  new  position.  He  hopes  to  save  a  considerable  amount 
of  expense  and  time  by  adopting  this  course. 

The  local  road-making  materials  are  flints  and  gravel ;  Thames 
ballast  used  to  be  procurable,  but  in  consequence  of  extensive 
dredging  for  the  purposes  of  the  Great  Western  Eailway  widen- 
ing works,  ballast  has  been  very  scarce  for  the  past  few  years.  In 
the  carriage-ways  of  business  streets  syenitic  granite  is  used, 
which  is  bought  in  various  localities.  Unfortunately  the  call  for 
keeping  down  the  rates  prevents  sufficient  expenditure  on  the 
streets  to  keep  them  in  proper  condition.  Road  rolling  and  scari- 
fying are  done  at  night-time  in  busy  streets,  and  in  the  day-time 
in  other  streets. 

All  new  kerbs  and  channels  are  constructed  of  12-inch  by 
6-inch  granite,  in  each  case  laid  flat.  Two  courses  of  granite  setts 
are  often  laid  outside  the  channels. 

For  many  years  Yorkshire  or  Lancashire  flags  were  laid  on  the 
footpaths  in  the  town,  and  local  gravel  in  the  suburbs.  About 
ten  years  since,  large  areas  were  paved  with  asphalt  in  the  town 
and  with  tar  paving  in  the  suburbs.  The  asphalt,  which  was 
laid  by  contract,  has  worn  very  badly,  some  of  it  having  to  be 
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renewed  about  five  years  after  it  was  laid ;  at  the  present 
time  the  bulk  has  been  relaid  or  requires  relaying.  Such 
renewals  as  have  been  made  by  the  Corporation,  using  Val  de 
Travers  asphalt,  appear  to  be  wearing  well.  Tar  paving  gives 
almost  universal  satisfaction  in  the  suburbs. 

Last  summer  experimental  lengths  of  concrete  in  situ  on  foot- 
paths were  laid ;  the  materials  used  were  Clee  Hill  granite 
chippings  and  Portland  cement,  in  the  proportions  of  three  to  one  ; 
up  to  the  present  the  results  have  been  very  satisfactory.  A  large 
area  will  be  laid  this  summer.  Concrete  flags  are  also  used.  All 
work  of  this  class,  also  cart  building,  property  repairs,  &c,  is 
done  by  men  in  the  direct  employ  of  the  Corporation. 

The  Public  Parks  and  Pleasure  Grounds  have  a  total  area  of  93 
acres  ;  the  principal  one  is  Palmer  Park,  which  was  laid  out  and 
presented  to  the  town  by  George  Palmer,  Esq.,  the  founder  of 
Huntley  and  Palmer's.  In  this  park  the  author  constructed  a 
double  athletic  track,  the  cost  of  which,  including  fencing,  water- 
supply,  &c,  was  1300?.  The  next  park  in  importance  is  King's 
Meadow  Recreation  Ground.  One  half  of  this  was  given  to  the 
town  by  Mr.  Palmer,  the  remainder  was  bought  by  the  Corpora- 
tion. 
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EECENT  EXTENSIONS  OF  THE  BEADING 
WATER  -  WORKS  AND  THE  USE  OF 
POLARITE  FOR  FILTRATION. 

By  ALEXANDER  T.  WALKER,  A.M.I.C.E., 
Waterworks  Manager. 

The  recent  extensions  of  the  Reading  water- works  may  be  divided, 
for  the  sake  of  order,  into  sections,  the  first  section  being  that  of 
the  pumping  plant  at  Fobney  pumping  station,  which  previous  to 
the  end  of  1891  consisted  of  water  power,  driving  two  direct- 
acting  turbines,  with  double  action  ram  pumps  to  each  turbine — 
the  turbines  working  alternately.  This  power  was  very  uncertain, 
in  consequence  of  interruptions  caused  by  traffic  on  the  river,  and 
stoppages  arising  from  short  water  during  the  summer  months 
(especially  so  in  a  very  dry  summer),  by  drowning  of  the  motor 
through  backing  up  of  the  tail-water  in  time  of  flood,  and  by 
blockage  of  the  river  and  turbine  ports  from  ground  ice  in  seasons 
of  severe  frost.  Reading  has  had  many  narrow  escapes  from  an 
utter  failure  of  its  water  supply,  when  solely  dependent  upon  power 
derived  from  a  navigable  river  like  the  Kennet.  In  dealing  with 
the  question  of  supplementary  pumping  power  careful  consideration 
was  given  to  the  advisability  of  employing  gas  power ;  but  the 
decision  was  in  favour  of  adopting  steam-power  pumping  machinery 
of  the  Worthington  type,  because  of  its  adaptability  to  the  existing 
buildings  and  site  of  the  works,  and  from  its  simplicity,  efficiency 
and  economy  in  work,  and  accessibility  to  the  working  parts.  The 
general  results  of  the  work  done  by  this  plant  have  fully  justified  the 
decision  arrived  at  in  selecting  this  type  of  pumping  machinery. 

The  Plant. 

The  plant  is  erected  in  duplicate  and  consists  of  two  high-pres- 
sure direct-acting  triple-expansion  jet-condensing  Worthington 
engines.  The  dimensions  are  as  follows  : — High-pressure  cylinder, 
7  inches;  intermediate,  11  inches;  low,  17|  inches;  pumping 
plungers,  12^  inches  with  a  15-inch  stroke.  There  are  two  steel 
boilers  of  the  two-flued  or  Lancashire  type,  having  Galloway  tubes 
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crossing  each  Hue.  Each  engine  and  boiler  will  raise  1,500,000 
gallons  per  day  of  twenty-four  hours,  against  a  head  of  110  feet 
inclusive  of  friction,  with  a  coal  consumption  not  exceeding  2  •  5  lbs. 
per  indicated  horse-power  per  hour.  The  engines  are  indepen- 
dent of  each  other  but  can  be  worked  together,  both  drawing  from 
the  same  suction  and  discharging  into  the  same  delivery  or  rising 
main.  The  pumps  are  double-acting  internal-plunger  pumps,  the 
discharge  being  uniform  and  continuous ;  this  plant  was  supplied 
and  erected  by  Messrs.  Simpson  &  Co.,  Pimlico. 


The  Rising  Main. 

The  next  or  second  section  is  that  of  the  rising  main  laid  from 
Fobney  works  to  Bath  Eoad  reservoir,  a  distance  of  over  2200 
yards.  It  is  16  inches  in  diameter,  and  each  pipe  measures  12 
feet  when  laid,  and  weighs  upwards  of  13  cwt.  2  qrs.  The  work 
connected  with  the  laying  of  this  main  was  of  the  usual  character, 
except  where  crossing  the  Holy  Brook  stream,  each  joint  made  in 
the  brook  being  fitted  with  a  special  clip.  This  section  was  begun 
and  completed  in  less  than  two  months.  The  greatest  number  of 
pipes  laid  in  one  day  was  twenty,  the  least  number  being  two. 
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Purification  Processes. 

The  third  section  is  that  of  purification.  Having  no  subsidence 
reservoirs  or  tanks,  but  drawing  the  water  direct  from  the  river 
Kennet,  it  was  natural  that  the  subject  of  purification  should 
receive  much  consideration  as  to  the  best  method  of  purifying  by 
filtration  the  water  from  a  source  which  the  Corporation  had 
decided  to  adhere  to  and  from  which  the  inhabitants  of  Beading 
had  derived  their  supply  of  water  from  time  immemorial.  Among 
the  various  systems  that  came  under  consideration  was  the  Maignen 
filter,  the  Pulsometer  Company's,  the  Stanhope  system,  the  Howat- 
son  system,  the  Leeds  system,  the  Jewell  system,  the  Kevolving 
Purifier  system,  the  International  or  Polarite  system,  and  several 
others.  All  possible  information  was  obtained  in  reference  to  the 
working  of  these  various  filters  and  systems,  as  to  the  cost  of 
installation,  maintenance  and  effectiveness  in  purification,  and  from 
results  of  experiments  made  and  independent  inquiry  it  was 
decided  to  adopt  "  Polarite  "  in  preference  to  any  mechanical  or 
pressure  filter.  No  pressure  filter  will  remove  organic  impurities 
held  in  solution  without  the  introduction  of  some  special  substance 
or  reagent  to  aid  them  in  their  work,  and  they  cannot  be  adopted 
without  motive  power,  and  in  some  cases  special  structural 
arrangements  and  settling-tanks  have  to  be  provided  to  aerate  or 
bring  the  water  back  to  a  natural  palate.  Purification  by  the  lime 
process  was  not  considered  advisable. 


The  Polarite  Chambers. 

Polarite  is  a  black  porous  magnetic  oxide  of  iron,  it  is  in- 
soluble in  water,  it  does  not  rust,  nor  does  it  get  consolidated 
into  lumps  when  in  use.  The  process  of  purifying  the  river 
Kennet  water  is  by  natural  percolation  through  a  series  of  filters 
or  chambers — the  first  chamber  containing  coke  and  the  second 
and  third  chambers  " Polarite"  granulated  in  two  sizes.  There 
are  also  intermediate  or  regulating  water  chambers  for  facilitating 
cleaning  out,  the  water  passing  from  the  last  polarite  chamber  into 
a  distributing  channel  and  on  to  sand  filters,  as  it  has  been  said  to 
make  doubly  sure  of  filtered  water ;  but  subsequent  experience  has 
proved  that  perfect  purification  can  be  obtained  by  polarite  chambers 
without  the  aid  of  sand.    The  first  two  sets  of  these  chambers  were 
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started  in  work  in  November  1892.  Each  polarite  chamber 
measures  40  feet  by  9  feet,  and  has  a  depth  of  2^  feet  of  polarite, 
giving  an  area  of  40  yards  super,  each  chamber,  or  a  total  of  160 
yards  super,  for  the  two  sets.  By  adding  the  2^  feet  of  polarite  in 
each  set,  it  gives  a  depth  or  thickness  of  5  feet  to  each  set  of 
chambers  and  an  area  of  80  yards  super,  per  set.  From  December 
1892  to  August  1893,  there  has  passed  through  these  two  sets  a 
total  quantity  of  409,880,000  gallons  of  water,  giving  an  average 
of  18,848  gallons  per  yard  super,  per  day.  Two  additional  sets 
were  started  in  August  last,  1893,  of  the  same  dimensions  as  the 
above,  giving  a  total  area  of  160  yards  super,  with  a  depth  of 
5  feet  for  each  set  of  chambers,  which  have  passed  on  an  average 
12,500  gallons  per  yard  super,  per  day.  From  January  1st  of 
the  present  year  to  the  31st  of  March  last  190,218,319  gallons  of 
water  have  passed  through  these  chambers,  giving  an  average  of 
12,215  gallons  per  yard  super,  per  day,  or  at  the  rate  of  550*6 
gallons  per  yard  super,  per  hour.  The  water  has  been  such  that 
no  complaints  (which  previously  were  an  everyday  occurrence) 
have  been  made  since  purification  by  polarite  came  into  full  work- 
ing order.  It  has  had  a  most  severe  test  during  the  past  and 
previous  autumn  and  winter  seasons,  but  like  many  a  good  engineer 
it  has  often  been  overworked  but  has  stood  it  well.  From  experi- 
ence gained  in  connection  with  the  treatment  of  the  river  Kennet 
water,  there  is  no  hesitation  in  stating  the  opinion  that  polarite  as 
applied  here  is  capable  of  effectually  purifying  a  river  water  supply 
for  all  purposes,  and  the  system  can  be  carried  out  at  less  cost  of 
construction  and  maintenance  than  filtration  by  large  areas  of  sand 
beds. 

The  Sand  Filters. 

The  fourth  section  of  the  works  is  the  new  sand  filters,  of  which 
there  are  four,  each  filter  having  an  area  of  10,000  feet  super. ; 
they  are  constructed  in  the  usual  way  and  require  no  special 
description.  The  last  or  fifth  section  is  that  of  the  sand- washing 
arrangements,  the  invention  of  the  author,  consisting  of  a  series  of 
cone-shaped  hoppers,  mounted  on  trunnions  with  the  apex  inverted, 
the  water  being  introduced  from  a  main  under  pressure  or  by  pump 
at  the  bottom  of  the  inverted  cone.  The  cone  having  been  filled 
with  sand,  the  sand  is  driven  upwards  by  a  column  of  water, 
causing  a  continuous  ascent  and  descent  of  the  sand,  which  is  kept 
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in  a  constant  state  of  agitation  by  the  ascending  water  coming 
from  the  main  under  pressure,  the  impurities  being  carried  off  by  a 
lip  or  outlet  in  the  upper  part  of  the  hopper,  the  result  being  that 
the  sand  is  thoroughly  cleansed.  Each  hopper  is  independent  of 
the  other,  and  they  may  be  worked  separately  or  in  benches  of  from 
three  to  ten.  Washing  sand  by  this  process  is  less  costly  and  less 
laborious.  By  the  old  methods  the  cost  varied  from  Is.  6d.  to  3s. 
per  load  or  cubic  yard;  by  this  method  the  cost,  inclusive  of 
wheeling  and  tipping,  is  from  3f  d.  to  5d.  per  load  or  cubic  yard. 
The  average  quantity  washed  per  man  per  day,  including  wheeling 
and  tipping,  varies  from  9  yards  to  10  yards.  The  whole  of  the 
recent  extensions,  with  the  exception  of  the  pumping  plant,  have 
been  carried  out  by  the  water-works  staff  and  workmen,  the  ex- 
penditure coming  well  within  the  estimated  cost. 

After  the  reading  of  the  papers,  the  Members  were  entertained 
to  luncheon  by  the  Mayor  at  the  Great  Western  Hotel. 

The  Members  then  visited  the  Corporation  Highivay  Yard,  where 
they  were  afforded  an  opportunity  of  seeing  the  various  makes  of 
macadam  scarifying  machines  described  in  Mr.  Collins  paper  on 
a  trial  length  of  macadam  road.  After  inspecting  the  workshops, 
the  Members  proceeded  to  the  new  Open  Air  Swimming  Baths  and 
to  the  Blake's  Lock  Sewage  Pumping  Station. 

A  visit  was  then  paid  to  the  Beading  Gas-works,  where  the 
party  was  received  by  Mr.  E.  Baker,  who  conducted  the  party  over 
the  works  and  explained  various  labour-saving  apparatuses. 

The  Members  then  drove  through  Palmer  Park  {the  gift  of 
Mr.  George  Palmer),  and  also  visited  the  Free  Library  and 
Museum,  where  Br.  Stevens,  the  Honorary  Curator,  delivered  a 
short  address  on  the  unique  collection  of  Roman  and  British 
antiquities  discovered  at  Silchester,  and  presented  to  Beading  by 
His  Grace  the  Duke  of  Westminster. 

Another  section  of  the  Members  attending  the  meeting  visited  the 
Fobney  Water-works,  Pumping  and  Filtering  Station. 


DISTRICT  MEETING  AT  KEIGHLEY. 


May  5,  1894. 

Held  in  the  Council  Chamber  of  the  Municipal  Buildings, 
Keighley. 

J.  T.  Eayrs,  President,  in  the  Chair. 
 -|#=  

In  the  unavoidable  absence  of  the  Mayor,  the  Deputy-Mayor, 
Mr.  Alderman  Clough,  received  the  Members,  and  offered  the 
Association  a  cordial  welcome  to  Keighley.  Mr.  Piatt  thanked  the 
Alderman  for  his  words  of  kindly  welcome. 

Mr.  T.  W.  Stainthorpe  was  unanimously  re-elected  Hon.  Secretary 
for  the  Yorkshire  district. 

WATER  AND  SEWAGE  WORKS,  &c,  OF 
KEIGHLEY. 

By  W.  H.  HOPKINSON,  Borough  Engineer. 

General. 

The  Borough  of  Keighley,  which  was  incorporated  in  1882,  is 
situate  on  the  river  Worth,  which  is  the  principal  tributary  of 
the  river  Aire.  Its  area  is  1800  acres,  it  had  a  population  at 
the  last  census  of  30,811,  and  a  rateable  value  on  the  1st  July  last 
of  96,254Z.  The  rates  of  the  Borough  are  5s.  8d.  in  the  £,  viz. : 
General  District  Kate  3s.  8d.,  and  a  Borough  Kate  (including 
School  Board  and  County  Police  expenses)  of  2s.  The  staple 
industry  is  worsted,  but  a  very  considerable  business  is  now  done 
in  ironwork  of  all  descriptions,  such  as  spinning  frames,  looms, 
engineering  tools,  washing  machines,  sewing  machines,  &c. 


142         WATER  AND  SEWAGE  WORKS,  ETC.,  OF  KEIGHLEY. 


Waterworks. 

In  the  year  1816  a  private  company  was  formed  for  the  purpose 
of  supplying  water  to  the  inhabitants.  An  Act  was  obtained  to 
purchase  small  springs  near  the  town,  to  construct  works,  and 
supply  water.  In  1865,  when  the  company  was  only  able  to 
supply  the  inhabitants  with  about  six  gallons  of  water  per  day  per 
head  of  population,  the  then  Local  Board  of  Health  resolved  to 
purchase  the  undertaking,  for  which  they  paid  the  sum  of  17,0007. 
After  purchasing  the  undertaking,  the  Local  Board  commenced 
looking  for  fresh  water  supplies,  and  in  1869  applied  to  Parlia- 
ment for,  and  received  sanction  to  a  scheme  to  construct  necessary 
reservoirs,  &c.  The  scheme  comprised  the  construction  of  a  high- 
level  storage  reservoir  called  "  Watersheddles,"  on  the  Pennine 
Bange,  at  the  head  of  the  Biver  Worth,  in  the  township  of 
Trawden,  in  the  County  of  Lancashire  ;  a  millowner's  compensation 
reservoir  called  "  Ponden,"  some  two  miles  lower  down  the  stream  ; 
the  construction  of  a  low-level  storage  reservoir  called  "Bully 
Trees,"  in  the  Township  of  Haworth,  on  the  Sladen  stream,  which 
is  a  tributary  of  the  Biver  Worth,  with  a  millowner's  compensation 
reservoir  called  "  Lower  Laithe,"  at  the  foot  of  the  bank  of  the 
last-mentioned  reservoir  ;  the  making  of  catch-water  conduits,  and 
laying  of  mains  from  the  storage  reservoirs  to  the  service  filter 
reservoir  called  "  Black  Hill  "  in  the  town. 

Of  the  sanction  granted,  the  Local  Board  constructed  "  Water- 
sheddles "  storage,  "  Ponden  "  compensation,  "  Black  Hill  "  service, 
with  necessary  conduits  and  mains.  The  top  water  level  of 
"  Watersheddles"  reservoir  is  1100  feet  above  Ordnance  ;  the  same 
is  constructed  by  throwing  an  earth  bank  across  the  valley,  with  a 
puddle  wall  in  the  centre  of  such  bank,  the  inside  of  bank  is  pitched 
with  dry  rubble.  The  depth  of  water  at  the  toe  is  51  feet  3  inches, 
and  the  capacity  about  156,000,000  gallons,  The  water  is  brought 
to  the  reservoir  by  means  of  open  and  covered  catch- water  conduits  ; 
the  gathering  ground,  which  is  1600  acres  in  extent,  is  principally 
moorland,  overlying  millstone  grit.  The  water  is  brought  to 
"Black  Hill  "  service  reservoir  (which  is  800  feet  above  Ordnance) 
by  means  of  an  iron  pipe  main,  varying  from  18  inches  to 
12  inches  in  diameter.  "  Black  Hill  "  reservoir,  which  up  to  this 
year  has  been  used  as  a  service  and  filter,  has  a  capacity  of 
2,500,000  gallons.    "  Ponden  "  reservoir  (which  is  the  millowner's 
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compensation)  had  to  be  constructed  before  the  Local  Board  could 
take  and  utilise  the  water  from  "  Watersheddles " ;  its  depth  is 
49  feet,  it  has  a  capacity  of  about  212,500,000  gallons,  is  of 
similar  construction  as  "  Watersheddles/'  and  has  a  gathering 
ground  of  900  acres.  The  two  reservoirs  on  the  Sladen  stream 
have  not  been  constructed,  as  the  Corporation  in  1891  got  an  ex- 
tension of  ten  years  wherein  to  construct.  The  total  storage  of 
water  in  all  the  reservoirs  for  the  town's  use  is  about  170,000,000 
gallons.  The  water  is  considered  very  pure  but  soft,  being  about 
1^  degrees  of  hardness.  On  account  of  the  water  containing  an 
acid  which  acts  upon  lead  service  pipes,  the  Corporation  in  1884 
laid  down  at  "  Black  Hill "  reservoir  an  open  conduit,  and  placed 
therein  a  quantity  of  Derbyshire  limestone  through  which  the 
water  had  to  pass,  and  coming  in  contact  with  the  limestone 
the  water  was  hardened,  but  not  sufficiently  to  stop  the  action  on 
the  lead  pipes.  The  Corporation  then,  under  advice,  placed  daily 
in  the  conduit  about  100  lbs.  of  fresh  fallen  lime,  and  raised 
the  water  to  2  degrees  of  hardness,  which  had  the  effect  of 
stopping  the  action  upon  lead  pipes. 

In  1892  the  filter  of  "Black,Hill"  showed  signs  of  not  passing 
the  water  freely,  and  the  Corporation  decided  to  push  on  with  the 
new  filter  beds  at  Oldfield,  for  which  Parliamentary  sanction  was 
obtained  in  1891.  The  Members  will  have  an  opportunity  of 
visiting  these  works  to-day.  The  author  has  designed  these  works 
and  is  carrying  out  the  same  by  day  work.  The  works,  which 
were  commenced  in  May  last,  comprise  three  small  "  Polarite " 
beds,  four  sand  filters,  one  clean  water  reservoir,  and  manager's 
house.  The  "  Polarite  "  beds  are  so  constructed  that  the  water 
must  pass  downward  through  the  "  Polarite  "  and  rise  again  to 
near  the  level  of  inlet ;  the  object  of  the  "  Polarite  "  is  to  destroy  the 
organic  matter.  From  these  beds  the  water  passes  on  to  and  through 
the  sand  filters  at  a  rate  of  500  gallons  per  yard  per  24  hours  into 
the  clean  water  reservoir,  from  which  it  is  delivered  to  the  con- 
sumers. It  is  intended  to  work  three  sand  filters,  and  to  be 
cleaning  one :  the  three  filters  will  pass  about  2,016,000  gallons 
per  day  of  24  hours.  The  "  Polarite  "  chambers  have  concrete 
bottoms  12  inches  in  thickness,  with  concrete  walls,  puddle  backing, 
and  faced  with  salt-glazed  bricks ;  each  chamber  for  "  Polarite  "  is 
30  feet  by  12  feet  3  inches,  with  2  feet  6  inches-  or  30  tons  of 
"Polarite"  per  chamber.  The  sand  filters  are  110  feet  square, 
with  concrete  bottom,  and  concrete  side  walls  4  feet  high ;  above 
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the  concrete  wall  is  ashlar  blocking  walling,  backed  with  concrete 
and  finished  with  20  inches  by  8  inches  boasted  coping.  Of  the 
two  filters  completed,  the  filtering  medium  of  one  is  as  follows,  viz. 
18  inches  of  hand-packed  rubble  sandstone,  6  inches  of  4-inch 
broken  sandstone,  3  inches  of  lj-inch  broken  stone,  3  inches  of 
f -inch  to  i-inch  gravel,  and  18  inches  of  sand,  or  a  total  depth 
of  4  feet.  Bubble  drains  are  formed  in  the  bottom  to  carry  water  to 
manhole,  where  the  water  rises  and  passes  over  weir  and  into  the 
clean  water  reservoir.  The  other  filter  bed  has  18  inches  of  lime- 
stone in  the  bottom  instead  of  sandstone  rubble ;  this  has  been  put 
in  as  an  experiment  to  harden  the  water.  The  effect  of  this  will 
be  noticed  by  the  analyst's  report  given.  The  sand  for  the  filters 
was  crushed  by  one  of  u  Carter's  "  Disintegrators,  and  the  author 
thinks  he  was  the  first  to  use  one  of  these  machines  for  such  a 
purpose,  and  considers  the  same  has  done  its  work  well.  The 
cost  of  crushing  the  sand  is  5\&.  per  cubic  yard  of  sand  crushed  ; 
this  includes  men's  time  and  renewal  of  beaters  only.  The 
washing  of  the  dirty  sand  is  done  by  "  Walker's  "  Patent  Conical 
washing  machines.  The  cost  of  washing  is  2s.  per  cubic  yard, 
which  includes  scraping  bed,  wheeling  to  washer,  washing, 
wheeling  back  on  to  bed  and  laying,  but  does  not  include  any 
cost  for  water.  The  clean  water  reservoir  is  110  feet  square  and 
16  feet  deep,  and  holds  1,060,000  gallons ;  the  walls  are  of  con- 
crete, with  concrete  buttresses,  finished  with  ashlar  walls  and 
coping  similar  to  the  filter  beds.  The  whole  of  the  concrete  is 
made  of  3  of  sand  and  stone  to  1  of  cement.  The  estimated  cost 
of  the  filter  beds  is  12,55QZ. 

The  cost  of  the  water-works  is  as  follows,  viz. : — 

£ 

Old  works    17,000 

"  Watersheddles,"  including  work,  land  and  compensation  49 , 423 
"Ponden"  „  „  „  75,502 
Black  Hill  „  „  „  6,320 
Main  „  „  „  14,58o 
Parliamentary,  legal  and  engineering  expenses  ..  10,580 
New  filter  works   12,550 

Total    ..     ..  £185,961 

The  charge  for  domestic  consumption  is  at  the  rate  of  Is.  6d.  in 
the  £  on  the  annual  rack  rent  per  annum  for  property  from  51.  to 
20Z.  rack  rent ;  from  20Z.  to  100Z.  is  a  sliding  scale  charge,  varying 
from  11.  10s.  for  a  20Z.  rack  rent  to  51.  10s.  for  a  100Z.  rack  rent ; 
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above  100Z.  the  charge  is  5  per  cent.  All  persons  paying  13s- 
water  rent  are  entitled  to  a  water-closet  ;  every  additional  closet  is 
charged  5s.  per  annum.  Baths  are  charged  for  at  the  rate  of  10s. 
per  annum.  Water  for  manufacturing  and  trade  purposes  is 
through  meter,  the  consumer  paying  a  rent  for  meter,  and  the 
charge  is  at  the  rate  of  8d.  per  1000  gallons  for  any  quantity 
used  less  than  200,000  gallons  per  quarter ;  the  charge  for  a 
greater  quantity  used  per  quarter  than  200,000  gallons,  and  less 
than  3,000,000  gallons,  is  a  sliding  charge,  varying  from  8d.  per 
1000  gallons  for  the  first  quantity  named  to  6d.  per  1000  gallons 
for  the  last  named  quantity. 

The  following  is  the  analysis  of  the  water,  viz. : — 

No.  1  is  the  water  from  "  Watersheddles  "  reservoir. 

No.  2  is  No.  1  after  passing  "  Polarite." 

No.  3  is  No.  2  after  passing  sand-filter  with  limestone. 

No.  4  is  No.  2  after  passing  filter  of  all  sand. 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

Appearance  in  a  2-foot 
tube. 

Turbid 

Bright 
and  clear 

Slightly 
turbid. 

Turbid 

Smell  when  heated  to 
100°  F. 

None 

None 

None 

None 

Chlorine  in  chlorides  . . 

•70 

•64 

-70 

•75 

Phosphoric    acid  in 
phosphates. 

None 

None 

None 

None 

Nitrogen  as  nitrates  . . 

None 

None 

None 

None 

Ammonia,  free    . . 

•0074 

•0042 

•0112 

•007 

„  albuminoid. 

•0076 

•0042 

0056 

•0073 

1-4° 

1-9° 

2-1° 

1° 

Hardness  after  boiling 

14° 

1-9° 

2-1° 

1° 

None 

None 

None 

None 

Distinctly  acid 

Alkaline 

Faintly 
alkaline. 

Distinctly 
acid. 

Total  solid  matter  dried 
at  212°  F. 

3-2 

6- 

6- 

3-2 

Sediment  on  standing 
some  time. 

Small  amount 

None 

Small  amount 

None 

Microscopical  examina- 
tion of  sediment. 

Vegetable 
de'bris ;  oxide 
of  iron  ;  no 
life. 

Fragments  of 

vegetable 
matter  ;  traces 

of  oxide  of 
iron  ;  no  mov- 
ing organisms. 
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Sewage  Farm. 


The  sewage  farm,  which  is  situated  at  Marley,  in  the  Bingley 
Township  Local  Board  District,  is  laid  out  on  the  "  Intermittent 
Downward  Filtration  "  principle.  No  sewage,  as  yet,  has  been 
brought  on  to  the  farm.  The  area  laid  out,  including  beds,  banks 
and  roads,  is  36  acres,  of  which  32  acres  are  in  beds ;  the  land  is 
underdrained  6  feet  deep  with  9-inch  and  6-inch  pipes,  one  chain 
apart.  The  centre  road  through  the  farm  is  15  feet  wide,  the 
cart  roads  along  the  banks  by  carriers  are  8  feet  6  inches  wide, 
and  the  barrow  roads  are  3  feet  wide.  The  sewage  will  not  be 
treated  in  any  way  beyond  screening.  The  carriers  are  3  feet  by 
2  feet,  formed  of  concrete  6  inches  thick,  made  of  3  of  broken 
stone,  2  of  river  sand  to  1  of  cement ;  the  carrier  has  a  fall  of 
1  in  1400.  Sluice  doors  are  fixed  at  intervals  to  divert  the 
sewage  on  to  the  beds  by  means  of  pipes  and  steps.  The  nature 
of  the  ground  varies,  a  large  portion  being  loamy  soil  6  feet  deep, 
another  portion  is  gravel,  and  another  portion  clay  and  sandy  clay 
overlying  gravel.  The  farm  is  laid  out  to  deal  with  the  sewage  of 
1000  persons  per  acre,  but  if  this  is  found  to  be  insufficient  the 
Corporation  have  a  large  reserve  of  land  for  further  extensions. 
The  effluent  drain  varies  in  size  from  24-inch  brick  sewer  to  a 
12 -inch  pipe  sewer. 

The  cost  of  the  farm  is  as  follows,  viz.  : — 


The  outfall  sewer  which  is  in  course  of  construction,  is,  for  a 
length  of  1270  yards,  3  feet  3  inches  by  2  feet  2  inches,  egg- 
shaped,  built  in  9-inch  brickwork  in  cement  mortar,  2  of  river 
sand  to  1  of  cement ;  a  further  length  of  outfall  sewer  is 
27  inches  in  diameter,  built  in  4J-inch  brickwork  in  concrete 
cradle  ;  the  gradient  is  1  in  1300.  An  iron  pipe  syphon,  18  inches 
in  diameter,  in  duplicate,  is  to  be  laid  under  and  across  the 
river  Worth  and  a  tail  goit ;  the  length  of  the  syphon  is  255  feet. 
It  is  proposed  to  lay  an  iron-pipe  intercepting  sewer  along  the 
bed  of  the  river  Worth  and  the  North  Beck,  and  connect  all 
existing  sewers,  reserving  the  present  sewer  outlets  for  storm 


Land  per  acre     

Effluent  drain,  which  is  made  sufficiently  large  for 


£ 

125 


future  extension  of  farm  

River  bank  and  piling   

Beds,  underdrains,  carriers  and  roads 


1944 
2186 
6005 
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waters.  The  intercepting  sewers  will  vary  in  size  from  24  inches 
to  12  inches  in  diameter.  The  scheme  has  been  devised  by  the 
author,  and,  so  far,  has  been  carried  out  by  contract,  under  his 
supervision.*  The  estimated  cost  of  the  sewage  farm  and  sewerage 
scheme  is  31,000Z. 

The  sewage  of  the  Borough  is  principally  slop  water,  as  the 
pail  system  is  in  operation,  but  gradually  the  town  is  working 
on  to  the  water-carriage  system  by  water-closets  or  "  Duckett's" 
slop  water-closet ;  the  latter  is  found  to  work  very  well. 

The  following  are  brief  remarks  on  other  matters.  The  ashes 
from  the  tubs  are  tipped  at  present,  but  before  long  the  Corpora- 
tion will  have  to  erect  a  destructor.  The  contents  of  the  pails 
are  sold  or  given  away  according  to  demand.  All  pails  and  ashes 
are  emptied  by  the  Corporation  out  of  the  rates. 

Since  the  passing  of  the  Keighley  Act  of  1891,  all  houses  to  be 
erected  within  the  Borough  have  to  be  through  houses,  with 
12  yards  front  streets  and  10  yards  back  streets,  with  not  less 
than  42  feet  between  the  buildings  in  back  streets.  Previous  to 
1891,  back  to  back  houses  in  blocks  of  four  were  allowed,  but 
Parliament  called  upon  the  Corporation  to  withdraw  the  regulation 
before  they  would  grant  any  further  regulations. 

All  private  streets  are  flagged  and  paved  soon  after  the  erection 
of  buildings,  and,  after  payment  of  expenses,  the  Corporation  put 
up  a  notice  of  intention  to  declare  such  streets  as  public  highways 
repairable  out  of  the  rates  ;  this  is  done  without  waiting  for  the 
owners  to  ask  the  Corporation  to  declare  the  streets  public  high- 
ways. The  cost  of  private  improvement  works  is  as  follows : — 
3-inch  knotted  flagging,  4s.  per  super,  yard  ;  12-inch  by  8-inch 
kerb,  2s.  6d.  per  lineal  yard ;  6-inch  paving  with  local  nell  pavers, 
including  formation  and  grouting  with  lime,  3s.  4<#.  per  super, 
yard.  The  highways  of  the  Borough,  30  miles  in  length,  are 
nearly  all  paved  with  local  nell  stone,  and  are  maintained  at  an 
annual  cost  of  2500Z. 

The  Corporation  have,  the  author  is  pleased  to  say,  within  the 
last  five  or  six  years,  commenced  carrying  out  very  extensive  street 
improvements,  making  the  streets  of  a  good  width,  varying  from 
14  yards  to  22  yards.  The  Corporation  have  within  the  period 
mentioned  spent  about  12,O0OZ.  on  works  alone,  that  is  without 
land.   The  author  has,  during  the  last  two  years,  been  laying  down 

*  The  contractor  for  the  effluent  drain  was  Mr.  E.  Kellett,  Bradford ;  and 
Mr.  Pullan  of  Leeds  is  the  contractor  for  the  sewage  farm  and  the  outfall  sewer. 
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granite  concrete  footpaths,  at  a  cost  of  4s.  per  super,  yard ;  the 
footpaths  are  formed  with  3  inches  of  broken  stone  as  a  founda- 
tion, and  covered  with  3  inches  of  granite  gravel,  3  of  gravel  to 
1  of  cement. 

The  Corporation  have  not  been  fortunate  in  getting  any  roads 
declared  main  roads ;  there  is  only  one  mile  of  main  road  within 
the  Borough,  which  is  maintained  by  the  Corporation  for  the 
County  Council,  who  pay  the  cost  out  of  pocket  and  5  per  cent, 
for  supervision  and  use  of  tools;  a  considerable  portion  of  this 
main  road  is  tarred  macadam.  The  County  Council  have  made  a 
grant  in  aid  towards  the  maintenance  of  two  of  the  roads  within 
the  Borough,  such  grant  being  at  the  rate  of  100Z.  and  50?.  per 
mile  respectively. 

Parks. 

The  Borough  possesses  three  parks,  the  sites  of  which  have 
been  given,  but  have  been  laid  out  by  the  Corporation. 

Gas-works. 

These  are  the  property  of  the  Corporation,  and  have  been 
worked  very  successfully,  the  cost  of  gas  to  the  consumers  being 
2s.  6d.  per  1000  feet.  The  gas  engineer  (Mr.  Laycock)  will, 
the  author  feels  sure,  be  pleased  to  give  the  Members  any  informa- 
tion respecting  the  works. 

Markets. 

These  belong  to  a  company,  but  the  Corporation  have  obtained 
powers  to  purchase. 

Baths  and  Washhouses. 

These  belong  to  the  Parish,  and  are  governed  by  elected  Commis- 
sioners. The  Clerk  to  the  Commissioners  (Mr.  Jonathan  Whitley) 
will  give  any  information  should  any  be  required. 

Tramways. 

These  belong  to  a  local  company,  but  are  not  financially  suc- 
cessful. The  maintenance  of  the  tramway  has  to  be  done  by 
the  Corporation  when  considered  necessary  by  them,  the  expense 
of  such  maintenance  to  be  borne  by  the  company. 
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DISCUSSION. 

Mr.  S.  S.  Platt  :  There  are  one  or  two  matters  in  connection 
with  the  water  supply  which  struck  me  as  matters  for  observation. 
The  water  is  evidently  very  soft — unusually  soft — only  1  \  degrees 
of  hardness,  and  it  is  not  at  all  surprising  to  hear  that  the  water 
acts  upon  lead  service  pipes.  At  Eochdale  we  have  had  the  same 
difficulty  for  some  time  ;  there  the  hardness  is  3 \  degrees,  and  in 
some  parts  the  water  has  acted  very  freely  on  old  lead  service  pipes. 
At  Keighley  I  notice  they  have  adopted  the  process  of  putting 
limestone  into  the  water  to  harden  it.  At  Sheffield  and  other 
places  whiting  has  been  put  in  with  success,  and  that  has  also 
been  tried  tentatively  at  Eochdale  with  success.  I  notice  that 
Mr.  Hopkinson  passes  his  water  through  the  sand  filters  at  the  rate 
of  500  gallons  per  yard  per  24  hours,  but  he  does  not  say  at  what 
rate  the  water  passes  through  the  polarite  filters.  I  should  like 
him  to  give  us  that  information  and  the  cost  of  the  filter  beds  per 
square  yard.  The  quality  of  the  water  seems  to  be  very  good — 
noting  the  absence  of  lead,  the  low  degree  of  hardness  and  the 
absence  of  solid  matter.  I  should  also  like  him  to  give  us  a  little 
further  information  about  the  disintegrator. 

Mr.  Hopkinson  :  It  is  really  what  they  call  a  bone-crusher. 

Mr.  Platt:  I  was  at  a  water- works  recently,  where  I  saw 
a  crusher  with  a  vertical  conical  and  fluted  roller  which  was 
revolving  very  quickly,  being  used  for  crushing  sandstone  for  fine 
concretes.  I  thought  the  machine  worked  very  well ;  it  was  made 
by  a  firm  at  Bingley. 

Mr.  Escott  :  I  am  not  going  to  discuss  the  paper,  but  I  rise  to 
propose  a  vote  of  thanks  to  Mr.  Hopkinson  for  having  read  the 
paper.  It  is  exceedingly  interesting  to  me.  I  had  no  idea  of  the 
great  works  that  are  going  on  here.  It  gives  me  pleasure  to  see 
Mr.  Hopkinson  at  the  head  of  the  department.  I  have  known 
him  for  a  long  time,  and  am  very  pleased  to  see  the  useful  and 
extensive  works  he  is  carrying  out.  I  have  great  pleasure  in 
proposing  a  vote  of  thanks  to  him  for  the  admirable  paper  he  has 
given  us. 

Mr.  Cox :  I  have  very  great  pleasure  in  seconding  Mr.  Escott's 
proposition.  I  have  not  had  very  much  to  do  with  water-works, 
but  it  struck  me,  when  Mr.  Hopkinson  was  speaking  respecting 
the  laying  of  Derbyshire  limestone  in  the  conduit  for  the  water  to 
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pass  over  in  order  to  harden  it,  that  there  would  be  a  difficulty 
caused  by  sediment  settling  on  the  limestone.  I  am  not  quite 
sure  whether  that  method  is  used  now  or  whether  they  have 
adopted  the  system  of  mixing  a  small  proportion  of  fresh  lime 
with  the  water  for  hardening  purposes.  Perhaps  Mr.  Hopkinson 
will  state  in  his  reply  which  course  is  now  adopted. 

The  President  .  I  regret  very  much  not  being  present  to  hear 
the  paper  read.  I  am  sure  it  must  have  been  most  interesting  to 
you,  and  we  are  much  obliged  to  Mr.  Hopkinson  for  preparing  it. 
It  contains,  no  doubt,  a  good  deal  of  useful  information  which  we 
shall  be  able  to  digest  a  little  later  on. 

Mr.  W.  H.  Hopkinson,  in  reply,  said :  I  thank  you  very  much 
for  the  way  in  which  you  have  received  my  paper,  and  for  the 
kind  remarks  made  by  Mr.  Escott.  With  regard  to  Mr.  Piatt's 
question  as  to  the  quantity  of  water  passing  through  the  polarite 
filter,  we  pass  7750  gallons  per  cubic  yard  per  day.  The  crusher 
is  one  of  Carter's  disintegrators.  I  was  puzzled  as  to  what  sort  of 
crusher  to  get,  and  when  at  Dewsbury  Show  I  saw  this,  and  asked 
if  it  would  crush  sand :  the  maker  told  me  it  was  not  made  for 
that  purpose,  but  he  would  try  it  for  me,  and  it  has  proved  very 
successful.  With  regard  to  the  cost  of  the  filter,  I  cannot  give 
the  cost  as  the  whole  work  has  been  carried  out  by  day  men.  In 
reply  to  Mr.  Cox's  question,  the  Committee  placed  Derbyshire 
limestone  in  the  conduit  at  Black  Hill  reservoir  on  the  advice  of 
Mr.  Jarmain,  of  Huddersfield.  It  answered  its  purpose,  but  we  had 
not  a  sufficiently  long  line  of  conduit,  and  we  had  to  put  in  a  little 
fresh  lime,  but  that  has  been  discontinued.  The  water  is  quite 
alkaline. 

Mr.  Cox  :  Did  a  scum  settle  on  the  water  ? 

Mr.  Hopkinson  :  The  limestone  was  coated  with  peaty  matter, 
and  we  had  to  wash  it  every  month.  Then  it  had  the  necessary 
effect  on  the  water. 

At  the  filter  beds. 

Mr.  Walker  (Reading) :  Do  you  deliver  direct  on  to  the 
polarite  ? 

Mr.  Hopkinson  :  Yes,  I  do. 

Mr.  Walker  :  Does  the  water  undergo  any  previous  treatment  ? 
Mr.  Hopkinson  :  No. 

Mr.  Walker  :  You  use  the  polarite  more  as  a  strainer  ? 
Mr.  Hopkinson  :  We  use  it  more  as  a  purifier, 
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Mr.  Walker  :  I  do  not  say  you  should  do  as  we  do  at  Beading. 
We  first  pass  the  water  through  a  bed  of  coke  and  arrest  any 
suspended  matter.  We  find  in  the  first  polarite  chamber  there  is 
a  good  deal  arrested,  but  that  the  second  polarite  chamber  is  prac- 
tically pure.  We  get  splendid  results  from  that ;  I  think  it  would 
be  advisable  to  first  put  the  water  through  some  straining  material 
before  passing  it  through  the  polarite.  I  gather  from  your 
analysis  that  there  is  a  considerable  amount  of  suspended  matter 
to  arrest. 

Mr.  Hopkinson  :  I  intend  to  recommend  the  Committee  to  put 
in  two  more  polarite  filters,  and  pass  it  through  the  polarite  again 
after  going  through  the  sand. 

Mr.  Walker  :  I  should  not  have  any  sand  beyond  that  on  the 
top  of  the  polarite.  Of  course  we  do  not  find  out  these  things 
except  by  experience,  and  the  experience  we  have  had  has  extended 
now  over  a  period  of  two  years  in  experiments  and  two  years  of 
actual  working. 

A  Member  :  We  visited  your  works  at  Beading  and  we  noticed 
you  passed  your  water  through  sand. 

Mr.  Walker  :  Yes,  that  was  a  compromise.  I  think  there 
ought  to  be  some  material  as  a  strainer.  We  have  coke  as  a 
strainer. 

Mr.  Stainthorpe  :  How  long  have  you  had  the  beds  in  opera- 
tion ? 

Mr.  Hopkinson  :  Five  months. 

Mr.  Cox  (to  Mr.  Walker)  :  Have  you  experienced  any  difficulty 
from  the  water  being  impregnated  with  sulphur  from  the  coke  ? 

Mr.  Walker  :  No,  we  use  pure  Welsh  coke  ;  we  do  not  use 
gas  coke. 

Mr.  Cox :  I  have  seen  instances  of  sulphur  where  the  water 
has  passed  through  coke. 

Mr.  Walker  :  I  should  think  it  would  be  possible  if  it  were  gas 
coke.    I  should  not  risk  using  gas  coke. 

Mr.  Cox  :  It  was  gas  coke. 

Mr.  Button  (Burnley)  :  Will  Mr.  Hopkinson  give  us  the  date 
of  the  analyses  of  the  water,  as  I  notice  from  the  first  analysis 
that  the  pjlarite  is  doing  more  good  than  that  shown  by  the 
second  analysis. 

Mr.  Hopkinson  :  The  explanation  of  that  is  that  the  first 
sample  was  taken  from  a  new  bed,  in  which  there  was  a  quantity 
of  powder  in  the  polarite,  which  only  allowed  the  water  to  pass 
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slowly.  If  there  were  sufficient  polarite  beds  we  should  get  a 
splendid  water. 

Mr.  Button  :  The  second  analysis  shows  that  the  polarite  is 
doing  practically  no  good  at  all,  the  albuminoid  ammonia  retained 
after  filtration  being  as  much  as  that  in  the  water  before  filtration. 

Mr.  Hopkinson  :  That  is  so. 

Mr.  Button  :  You  want  to  take  the  suspended  matter  out  first. 
Mr.  Hopkinson  :  Exactly. 

Mr.  Walker  :  We  are  passing  now  13,000  gallons  per  square 
yard  per  day  through  two  polarite  chambers,  each  chamber  2J  feet 
deep,  so  that  the  water  passes  through  a  layer  of  polarite  5  feet  deep. 

Mr.  Hopkinson  :  We  want  three  times  the  amount  of  polarite 
we  have  here. 

Mr.  Cox  (Bradford)  :  Do  you  use  any  lime  here  ? 

Mr.  Hopkinson  :  I  do  not.  White  limestone  from  Craven  is 
placed  under  the  sand  and  hardens  the  water. 

Mr.  Walker  :  What  is  your  head  above  the  sand  level  ? 

Mr.  Hopkinson  :  About  15  inches. 

Mr.  Walker  :  Can  you  increase  the  head  ? 

Mr.  Hopkinson  :  Only  by  taking  the  boards  off  the  weir  in  the 
manhole.    I  can  pass  it  over  slowly  or  quickly. 

Mr.  Candy  (London) :  I  would  merely  like  to  say  the  system 
Mr.  Hopkinson  has  introduced  for  the  hardening  of  the  water,  by 
placing  a  layer  of  limestone  under  the  sand,  is  an  excellent  method, 
and  will  effect  an  enormous  saving  to  the  Corporation  of  Keighley. 
I  was  at  a  town  a  day  or  two  ago  where  they  are  spending  1000Z. 
a  year  for  neutralising  the  vegetable  acids  present  in  the  water. 
Mr.  Hopkinson  will  neutralise  the  acidity  and  effect  the  hardening 
of  the  water  for  all  time  by  his  method.  With  reference  to 
Mr.  Cox's  remark,  if  Mr.  Hopkinson  had  placed  the  limestone  on 
before  the  sand  there  would  be  formed  a  gelatinous  deposit  on  the 
stone,  but  by  placing  it  in  the  way  he  has,  Mr.  Hopkinson  has 
taken  a  step  in  the  right  direction,  and  I  congratulate  him  most 
heartily  upon  that  step. 

A  Member:  I  notice  in  the  amended  analysis  the  hardness 
after  passing  through  the  limestone  is  only  •  1  more  than  after 
passing  through  the  sand. 

Mr.  Hopkinson  :  That  is  so,  but  that  decimal  point  is  sufficient 
to  convert  the  water  from  an  acid  into  an  alkaline, 

Mr.  Candy  : .  I  think  you  should  consider  the  desirability  of 
protecting  the  polarite  by  first  straining  the  suspended  matter. 
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Otherwise  you  will  get  a  covering  of  peaty  matter  which  will 
make  the  polarite  inoperative^ 

Mr.  Walker  :  That  is  quite  true.  We  have  found  it  out  at 
Reading.  You  could  use  either  coke,  gravel,  sand  or  a  mechani- 
cal apparatus;  but  you  will  find  it  necessary  to  remove  the 
suspended  matter. 

A  Member  :  How  much  water  do  you  pass  through  the  polarite  ? 

Mr.  Hopkinson  :  7750  gallons  per  cubic  yard  per  day.  I  have 
only  100  yards  of  polarite. 

A  Member  :  How  long  do  you  continue  to  work  the  polarite 
beds  before  you  give  them  a  rest  ? 

Mr.  Hopkinson  :  The  works  are  incomplete,  and  I  have  not  had 
an  opportunity  of  giving  them  a  rest.  I  have  just  put  an  addi- 
tional bed  down,  so  that  we  can  clean  and  give  one  a  rest. 

Mr.  Walker  :  In  the  case  of  Reading  we  find  it  is  not 
necessary  to  give  the  polarite  a  rest,  except  for  a  few  hours.  We 
find  it  is  perfectly  "  active  "  after  a  few  hours  rest.  Each  washing 
of  the  whole  chambers  costs  us  60s.,  and  washing  12  times  a 
year,  the  cost  is  36Z.,  as  against  115Z.  for  sand  cleaning.  I  should 
like  to  ask  Mr.  Hopkinson  if  he  washes  the  sand  after  grinding  it  ? 

Mr.  Hopkinson  :  I  have  not  had  the  opportunity ;  the  Corpora- 
tion pressed  me  so  much  to  have  filtered  water.  Our  water 
sometimes  is  like  coffee ;  it  is  very  brown. 

Mr.  Walker  :  Major  Tulloch  visited  the  Reading  water-works, 
and  he  found  the  polarite  perfectly  pure  after  six  weeks'  work. 
But  we  had  the  same  effect  as  Mr.  Hopkinson  has  had.  It  was 
choked  in  the  upper  layer,  but  only  to  the  extent  of  one  inch 
down. 

Mr.  Hopkinson  :  I  put  the  sand  in  without  washing,  but  the 
first  water  was  quite  clear  and  no  deposit  with  it.  I  am  punishing 
the  beds  at  present,  because  I  have  not  sufficient  filtering  area. 

Mr.  Walker:  Have  you  found  that  the  polarite  hardens  the 
water  at  all  ? 

Mr.  Hopkinson  :  Oh  yes,  the  first  water  I  sent  away  for 
analysis  was  raised  from  1*4  to  1*9. 

Mr.  Walker  :  To  what  do  you  attribute  that  ? 

Mr.  Hopkinson  :  I  do  not  know  what  it  is  to  be  attributed  to. 

Mr.  Walker  :  Polarite  is  a  magnetic  oxide  of  iron. 

A  Member  (to  Mr.  Candy) :  Does  polarite  contain  sulphate  of 
magnesia  ? 

Mr.  Candy  :  Those  are  chemical  questions,  and  if  we  enter  upon 
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chemical  questions  we  shall  be  here  all  night.  If  any  gentleman 
likes  to  put  the  question  to  me  in  writing  I  will  reply  to  him. 

Mr.  Hopkinson  :  Can  you  explain  why  the  water  is  raised  in 
hardness  from  coming  in  contact  with  the  polarite  ? 

Mr.  Candy  :  This  is  due  to  a  very  small  percentage  of  lime,  and 
also  to  a  small  percentage  of  magnesia  in  the  polarite. 

The  Members  proceeded  to  the  Sewage  Farm  in  brakes  kindly 
provided  by  the  Council.  Returning,  the  Members  assembled  in 
the  fire-engine  shed,  and  were  refreshed  at  the  instigation  and 
expense  of  the  Mayor.  A  visit  was  then  paid  to  the  filter  beds 
at  Oldfieldy  where  the  disintegrator  was  seen  at  work.  Here  the 
Members  were  hospitably  entertained  by  Mr.  Alderman  Brigg. 

Votes  of  thanks  were  cordially  passed  to  the  Mayor,  to  Mr. 
Alderman  Brigg  and  to  Mr.  Hopkinson. 


DISTRICT  MEETING  AT  CHESTER. 


May  12,  1894. 

Held  at  the  Guildhall,  Chester. 
J.  T.  Eayrs,  President,  in  the  Chair. 


The  Members  were  received  by  the  Mayor  and  Deputy-Mayor. 
The  former  welcomed  the  Members  to  the  town,  speaking  in  terms 
of  the  highest  praise  of  the  work  of  their  engineer.  He  trusted 
the  meeting  would  be  both  pleasurable  and  profitable. 

The  President  proposed,  and  the  Members  carried,  a  vote  of 
thanks  to  the  Mayor  and  Corporation  for  their  kind  reception  and 
the  placing  at  the  disposal  of  the  Association  a  room  for  the 
meeting. 

The  resignation  of  Mr.  S.  S.  Piatt  as  Honorary  District  Secretary 
was  announced.  A  cordial  vote  of  thanks  was  passed  to  Mr.  Piatt 
for  his  good  services,  and  Mr.  P.  S.  Button,  of  Burnley,  was 
elected  to  succeed  him. 

The  following  papers  were  then  read  and  discussed : — 

STEAM  ROAD-ROLLING. 

By  ALLAN  GREEN  WELL,  A,  M.  Inst.  C.  E.,  Surveyor  to 
the  Frome  Rural  Sanitary  and  Highway  Authority 
(District  No.  1). 

There  are  few  subjects  connected  with  the  varied  work  of 
municipal  engineering  which  have  not  been  dealt  with  at  the 
meetings  of  this  Association.  And  not  only  the  Members,  but 
science  generally,  has  largely  benefited  by  the  papers,  and  still 
more  by  the  accumulated  experience  drawn  out  by  the  discussions 
thereon. 
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In  engineering,  par  excellence,  it  is  only  by  comparing  actual 
experience  that  accurate  knowledge  can  be  attained,  and  for  this 
purpose  the  results  of  conscientious  observation  and  experiment, 
however  small  and  apparently  insignificant  in  themselves,  are  of 
extreme  value.  Unfortunately,  many  individuals  are  not  content 
to  take  a  subsidiary  part  in  the  search  for  knowledge,  and  either 
keep  their  experience  to  themselves  or  attempt  to  accommodate 
results  to  theories,  which  they  too  readily  assume  as  soon  as  they 
become  possessed  of  two  or  three  bare  facts — every  brick  aspires  to 
be  a  house,  and  objects  to  sink  its  identity  in  a  large  and  valuable 
structure. 

The  progress  of  steam  road-rolling  has  been  much  hampered  by 
these  adverse  influences;  antagonistic  theories  frequently  being 
allowed  to  carry  weight,  the  fallacy  of  which  would  have  been 
immediately  apparent  if  more  retiring  men  had  added  their 
individual  experience. 

In  support  of  this  view,  three  statements  made  in  answer 
to  the  following  question,  put  by  the  Honorary  Secretary  of  the 
County  Surveyors'  Society,  are  appended. 

Question.  "Have  you  any  further  information  to  offer  as  to 
the  cost  and  desirability  of  road-rolling  by  steam  or  otherwise  ?  " 

Answer  No.  1.  "I  still  think  that  too  much  is  expected  from 
a  steam  road-roller,  and  frequently  roads  made  by  its  use  are  less 
able  to  bear  heavy  traffic  than  roads  formed  without  a  roller.  I 
am,  however,  going  to  try  the  use  of  steam  rollers  and  horse  rollers 
on  some  of  our  main  roads." 

Answer  No.  2.  "  Nothing  further  than  this :  that  I  will  do  my 
best  to  prevent  steam  or  other  rollers  being  used  in  my  county. 
Abundant  use  of  the  rake,  &c,  is  far  better,  and  considerably  more 
economical,  than  any  roller." 

Answer  No.  3.  "  No.  I  find  that  steam-rolled  roads  wear  to 
a  very  uneven  surface,  lumpy  and  full  of  pot-holes." 

In  a  correspondence  which  appeared  in  the  Builder,  in  con- 
nection with  his  answer  to  the  above  question,  another  county 
surveyor  wrote  as  follows : — "  Steam  rolling  cannot  be  defended 

on  economy  of  cost  It  saves  by  consolidation,  without 

abrasion  or  trituration,  one-eighth  of  the  metal."  These  statements 
are  illogical  on  the  face,  because  if  the  cost  of  steam  road-rolling  is 
less  than  one-eighth  of  the  cost  of  the  metal  consolidated,  economy 
at  once  results. 

It  is  not  for  one  moment  implied  that  these  various  statements 
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were  not  made  conscientiously  ;  but  they  appear  to  have  been  made 
too  hastily,  without  sufficient  investigation,  and  without  a  due  sense 
of  the  responsibility  contingent  upon  utterances  ex  cathedra. 

A  further  cause  of  want  of  agreement  in  the  experience  of 
competent  authorities  upon  the  economy  of  steam  road-rolling  has 
been  the  absence  of  a  recognised  basis  upon  which  to  calculate  the 
cost.  Amongst  the  various  reports  that  have  been  published  upon 
this  subject,  hardly  two  are  based  upon  the  same  items  of  expense. 

In  one  case  the  total  cost  is  made  up  of  the  wages  of  the  driver 
and  cost  of  coal  and  sundries  only,  stating  the  total  cost  as  7s. 
per  day.  In  another  case  the  total  cost  is  made  to  include 
driver,  watchman,  1  man  blinding,  2  men  for  water-butts,  3  men 
sweeping,  2  horses  and  men  for  water-butts,  1  horse  and  man  two 
days  per  week  blinding,  coal,  oil,  packing,  &c,  depreciation  and 
repairs  on  cost,  at  10  per  cent. — or  27.  lis.  6d.  per  day.  Between 
these  extremes  there  is  every  degree  of  variation,  and  occasionally 
the  cost  is  further  extended  so  as  to  include  the  gravel  used  for 
blinding,  and  even  the  stone  itself.  In  an  elaborate  report  recently 
prepared  for  one  of  the  English  county  councils,  the  calculation 
is  made  to  cover  four  years,  and  includes  cost  of  roller  and  water- 
cart,  wages  of  driver  and  flagman,  fuel,  oil  and  sundries,  repairs, 
and  hire  of  engine  shed,  and  the  total  cost  is  placed  at  2057.  per 
annum,  equal  to  about  13s.  8d.  per  day ;  but  nothing  is  allowed 
for  the  value  of  the  plant  at  the  expiration  of  the  four  years. 

Sometimes  the  cost  is  calculated  at  per  day,  per  100  super- 
ficial yards,  or  at  per  cubic  yard  of  stone  rolled ;  and  sometimes 
the  time  occupied  in  travelling,  and  in  stoppages  occasioned  by 
frost,  &c,  is  included,  whilst  in  other  cases  it  is  deducted. 

It  is  a  matter  of  opinion  as  to  whether  the  calculation  of  cost 
should  be  based  upon  time,  area,  or  quantity,  and  there  is  much  to 
be  said  for  and  against  each  method. 

The  cost  per  day  depends  much  upon  the  quantity  of  work 
performed  in  the  time,  as  beyond  a  certain  point  an  increase  in  the 
latter  causes  a  relatively  much  greater  consumption  of  fuel  and 
heavier  wear  and  tear,  besides  adding  to  the  necessary  horse  hire 
for  hauling  water,  &c,  and  the  labour  for  sweeping. 

Again,  if  the  cost  be  calculated  at  per  100  superficial  yards,  or 
at  per  cubic  yard  of  materials  consolidated,  the  quality  of  the 
stone,  the  thickness  of  the  coating,  liability  to  stoppages  on 
account  of  traffic,  and  the  relative  area  of  the  patches  rolled,  must 
be  taken  carefully  into  consideration. 
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From  personal  experience,  the  writer  has  found  it  to  be  more 
satisfactory  to  base  his  calculations  upon  the  cost  per  cubic  yard, 
as  enabling  a  more  accurate  check  to  be  kept  upon  the  work 
actually  performed. 

In  deciding  upon  the  items  which  should  properly  be  included 
in  the  cost  of  steam  road-rolling,  it  is  suggested  that  all  expendi- 
ture or  liability  should  be  included  which  arises  as  a  result  of  the 
employment  of  a  steam  road-roller,  and  which  would  be  absent  if 
the  stone  were  allowed  to  wear  in  by  the  traffic,  and  these  items 
only.  In  the  numerous  calculations  which  the  writer  has  made 
upon  this  subject,  the  following  are  included :  engine  driver's 
wages,  sweeper's  wages,  horse  hire  for  hauling  water  and  binding, 
coal,  oil,  waste  and  sundries,  depreciation  and  repairs  of  plant. 

Although  the  writer's  experience  in  connection  with  steam  road- 
rolling  has  been  varied,  it  is  principally  due  to  that  gained  in  the 
last  four  years,  during  which  time  he  has  had  the  immediate 
control  of  a  10-ton  steam  roller,  the  property  of  the  Frome  Eural 
Highway  Authority.  It  is  therefore  proposed  to  deal  with  this 
period  and  locality  only,  trusting  that  other  Members  of  the 
Association  will  carry  on  the  investigation  by  giving  their  own 
experience. 

"  The  Frome  Eural  Sanitary  and  Highway  Authority's  District 
No.  1  is  situated  in  the  county  of  Somerset,  and  comprises 
ninety-one  miles  of  district  and  thirty  miles  of  main  road.  It 
contains  twelve  parishes,  with  an  area  of  28,058  acres  and  a 
population  of  6024. 

"The  town  of  Frome,  which  is  a  local  board  district  and 
manages  its  own  roads,  is  situated  nearly  in  the  middle  of  the 
rural  district.  It  has  a  population  of  11,464,  and  carries  on  the 
manufacture  of  woollen  and  other  cloth.  It  is,  however,  principally 
an  agricultural  town. 

"  The  rural  district  is  almost  entirely  agricultural,  but  there  is 
a  considerable  traffic  over  the  roads  due  to  coal,  stone  and  heavy 
timber  hauling.    The  district  is  very  hilly. 

"The  stones  used  are  all  quarried  in  the  district  and  consist 
of— 

"  1.  Blue  rock  or  mountain  limestone. 
"2.  Chert. 

"  3.  Tough  blue  sandstone  (Lower  Oolite). 

"  4.  Grey  limestone  (Lower  Oolite) :  very  little  used."  * 

*  Builder,  July  9,  1892. 
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The  steam  roller  above  referred  to  was  built  by  Messrs.  Aveling 
and  Porter,  and  was  purchased  by  the  Authority  in  March  1888. 
It  rolls  a  width  of  6  feet  3  inches.  The  repairs  account  to 
29th  September,  1893,  amounted  to  44Z.  13s.  9d,  or  2£  per  cent, 
per  annum.  Daring  the  frosty  weather  at  Christmas  opportunity 
was  taken  to  overhaul  the  machine,  including  the  insertion  of  a 
new  set  of  boiler  tubes.  It  was  satisfactory  to  find  that,  generally 
speaking,  the  machine  was  in  excellent  condition.  This  is  princi- 
pally due  to  the  fact  that  the  driver  is  an  experienced  fitter,  and 
that  there  are  reliable  engineering  works  in  the  district  where 
necessary  repairs  can  be  immediately  carried  out. 

The  remaining  plant  consists  of  a  sleeping  van,  which  travels 
with  the  roller,  and  contains  two  berths  ;  and  two  water  barrels, 
containing  175  and  130  gallons  respectively. 

The  engine  driver  and  one  sweeper  are  supposed  to  sleep  in  the 
van,  but  it  is  difficult  to  enforce  this  for  domestic  and  economic 
reasons ;  the  second  sweeper  is  allowed  6d.  a  night  lodging-money 
when  three  miles  from  Frome  (which  is  about  the  centre  of  the  dis- 
trict). The  sleeping  van  is  not  an  unmixed  blessing,  as  it  increases 
the  amount  of  travelling  for  the  steam  roller.  However,  as  affording 
storage  room  for  duplicates  and  sundry  tools  and  fittings,  which 
enables  small  repairs  to  be  immediately  accomplished,  the  van  is  an 
undoubted  advantage.  In  reference  to  the  water  barrels,  the  two 
are  usually  used  simultaneously,  but  the  larger  one  is  better 
adapted  for  level  roads. 

The  staff  attached  to  the  steam  roller  comprises  the  driver  and 
two  sweepers,  one  of  whom  acts  as  foreman.  At  the  end  of  each 
day's  work  the  foreman  measures  the  superficial  area  rolled,  and 
fills  up  a  postcard  in  the  following  form,  giving  as  nearly  as  he 
can  the  number  of  cubic  yards  of  stone  consolidated. 

These  particulars  are  entered  on  special  forms  by  the  surveyor, 
the  number  of  cubic  yards  being  corrected  by  means  of  the  stone 
book.  The  forms  are  presented  at  the  monthly  meetings  of  the 
Authority. 

The  horse-hire  for  hauling  water  and  binding  is  contracted  for 
at  per  hours  work. 

The  coal  is  supplied  by  agreement,  and  delivered  to  the  roller 
where  required  at  per  ton. 

The  cylinder  and  bearing  oils  are  of  a  mineral  nature,  and 
obtained  from  Price's  Patent  Candle  Company,  Limited,  and  give 
excellent  results.    The  cylinder  oil  is  introduced  by  means  of  one 
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of  Bell's  Asbestos  Company's  Sight  Feed  Lubricators  (old  type), 
which  is  very  satisfactory. 


Frome  Kural  Highway  Authority,  District  No.  1. 
Date  189 


Road  No. 

Hours. 

Sup.  Yards. 

Cubic  Yards. 

Horses.     .     .     .  Hours  .... 

Barrels  of  Water  

Loads  of  Binding  

Coals  

Commenced  work  

Stopped  work  

(Foreman) 

The  depreciation  and  repairs  are  each  taken  at  10  per  cent,  per 
annum,  and  there  is  every  reason  to  believe  that  these  rates  will 
give  ample  margin. 

In  a  report  presented  to  his  Authority  by  the  writer,  which  ap- 
peared in  the  County  Council  Times  for  12th  May,  1893,  the 
following  particulars  were  given  of  the  work  and  cost : — 

"  During  the  period  included  in  the  financial  year  ending  Lady- 
day  1893  (=  54  weeks  at  52  hours  per  week  =  2808  hours),  the 
steam  roller  of  the  Frome  Eural  Highway'  Authority  worked  as 
follows : — 

Hours.      Days  hours. 

Actual  work    2158       239  7 

Cleaning  out  boiler,  and  repairs    406 J       45  1J 

Travelling   245J       27  2£ 

Stopped  through  frost,  &c   75  8  3 

Holidays    36         4  — 

Let  out  on  hire   7        —  7 

Total  ..      2928      325  3 


including  120  hours  (=13  days  3  hours)  overtime. 
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During  this  period  165,329  superficial  yards  of  road  were  rolled, 
and  9132  cubic  yards  of  stone  consolidated,  making  a  daily  average 
of  689  superficial,  and  38  cubic  yards. 

The  stone  was  made  up  as  follows  :— 

Cubic  yards, 

Mountain  limestone       . .     . .    6869f 

Tough  blue  sandstone   1592f 

Flints  (chert)   669| 

Total   9132 

The  cost  was  as  follows  :— 


£  e.  d. 

Engine  driver's  wages                         . .  63  6  6 

Sweepers'  wages   78  6  4 

Horse  hire  (hauling  water  and  binding) 124  9  0 

Coal    54  9  0 

Brushes,  oil,  &c.  (including  11.  2s.  IOoZ.  for 

purchase  of  water)   32  9  0 


Depreciation  (10  per  cent.)  and  repairs 
(10  per  cent.)  =  20  per  cent,  per  annum 


352  19  10 
81  16  3 


Total    £434  16  1 


Rate  per  cubic 
yard  consolidated, 

d. 
1-7 
21 
3-3 
1-4 

•8 

9-3 

21 

11-4  n 


The  cost  of  steam  rolling  per  cubic  yard  varies  considerably 
with  the  nature  of  the  stone,  as  a  quantity  of  soft  stone  can  be 
consolidated  in  a  shorter  time  than  the  same  quantity  of  stone  of 
a  harder  and  tougher  nature.  It  further  depends  upon  the  area  of 
the  patches  rolled,  for  a  steam  roller  will  complete  nearly  double 
the  area,  if  at  work  on  one  large  patch,  than  if  the  work  is  spread 
over  a  number  of  small  ones. 

The  following  details  extracted  from  a  report  made  to  the 
same  Authority  on  September  30th,  1891,  may  be  of  interest : — 

"  From  careful  experiments  with  the  blue  limestone  it  has  been 
found  that  to  obtain  consolidation  with  the  usual  coating  of  two 
stones  in  thickness  (each  cubic  yard  broken  to  2^-in.  gauge,  and 
made  to  cover  about  17  superficial  yards  of  road),  the  steam  roller 
must  traverse  a  patch  equal  to  its  own  width  about  thirty-five 
times.  From  this  it  appears  that  a  cubic  yard  of  broken  stone 
requires  1£  ton-miles  of  rolling  to  produce  consolidation." 

With  regard  to  the  use  of  binding  material,  the  blue  limestone 
in  this  district  cannot  be  consolidated  without  it.  The  best 
results  appear  to  be  obtained  by  the  use  of  well-weathered  road- 
scrapings,  spread  over  the  surface,  when  consolidation  has  been 
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nearly  effected,  in  the  proportion  of  one  of  road-scrapings  to  twenty 
of  broken  stone. 

Careful  observation  in  this  district  has  led  the  writer  to  believe 
that  at  least  25  per  cent,  of  the  material  is  saved  by  steam  road- 
rolling. 

The  cost  of  steam  road-rolling  a  patch  of  mountain  limestone, 
about  two  stones  in  thickness  (1  cubic  yard,  broken  to  2^-inch 
gauge,  to  cover  17J  superficial  yards),  1  mile  in  length  and  21  feet 
wide,  is  found  to  be  317.  Is.  Id. 

The  cost  of  this  coating  is  189?.  lis.  8d.,  and  under  ordinary 
circumstances,  when  consolidated  by  the  traffic  alone,  will  last 
seven  years  ;  making  the  cost  per  mile  per  annum,  271.  Is.  8d. 

Taking  the  saving  in  materials  resulting  from  the  use  of  the 
steam  road-roller  at  25  per  cent.,  the  additional  cost  (for  steam 
road-rolling)  per  mile  per  annum  would  be  31  6s.  7d.,  but  the 
saving  in  material  would  be  61.  15s.  5d. ;  and,  allowing  16s.  8d.  for 
after-raking,  the  nett  profit  resulting  from  the  use  of  the  steam 
road-roller  is  4Z.  5s.  6<i,  or  15  per  cent. 

In  conclusion,  steam  road-rolling  is  still  in  its  infancy,  and  much 
depends  upon  the  Members  of  this  Association  as  to  when  it  will 
arrive  at  years  of  discretion. 

DISCUSSION. 

Mr.  J.  P.  Barber  :  I  have  pleasure  in  proposing  a  vote  of 
thanks  to  Mr.  Green  well  for  the  very  interesting  paper  he  has 
given  us.  It  is  a  sort  of  novelty  to  me  to  hear  a  paper  read  on 
steam  road-rolling  in  rural  districts.  I  was  under  the  impression 
that  there  were  few  rural  districts  where  a  steam  roller  is  used.  In 
the  large  towns  we  scarcely  dare  put  down  a  yard  of  stones  without 
the  attendance  of  the  roller  on  the  road  to  roll  it  down  directly ; 
but  in  the  country  districts  one  seldom  hears  of  the  steam  roller 
being  used.  The  circumstances  attending  steam  rolling  are  very 
different  in  country  districts  from  those  in  towns,  and  any  statement 
of  the  cost  in  rural  districts  must  be  very  carefully  used  for  rural 
districts  only,  and  not  be  applied  to  the  work  in  large  towns,  where 
there  are  circumstances  which  make  the  work  extremely  costly  as 
compared  with  the  rural  districts.  In  town  streets  there  are 
carriages  and  vehicles  of  all  kinds  passing  along  the  road  where 
the  roller  is  at  work,  necessitating  frequent  stoppages  of  the 
engines.    These  stoppages  make  the  cost  of  the  rolling  very  great, 
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so  that  in  large  towns  it  will  not  compare  with  the  cost  of  a  rural 
road,  where  there  are  few  vehicles  passing  along  in  the  course  of 
the  day,  and  where  there  is  consequently  very  little  interference 
with  the  work.  Then,  in  the  country  districts  the  road  can  be 
stopped  to  keep  the  roller  working  all  through  the  day.  But  it  is 
a  very  difficult  thing  to  stop  the  traffic  in  a  busy  town,  where  the 
public  do  not  like  to  be  turned  off  the  ordinary  track,  and  complain 
if  the  road  is  stopped.  The  keeping  of  the  road  open  for 
traffic  necessitates  frequent  stoppages  by  the  driver,  and  thereby 
causes  the  cost  of  the  rolling  to  be  at  least  four  times  the  cost  of 
rolling  in  rural  districts.  Then  it  strikes  me,  looking  on  page  158 
of  the  paper,  and  seeing  the  weight  of  the  roller,  10  tons,  and 
looking  at  the  class  of  stone  used,  that  Mr.  Greenwell  is  using 
a  roller  of  too  heavy  a  weight.  I  should  have  thought  that  he 
would  have  got  an  equally  good  result  if  he  had  used  a  roller  of 
6  tons.  I  am  rather  surprised  at  sandstone  and  limestone  being 
used  at  all  for  roads,  especially  the  limestone.  I  should  have 
thought  that  was  a  stone  hardly  worth  putting  on  a  road,  and  that 
it  would  have  been  found  to  be  both  better  and  cheaper  to  use  a 
tougher  stone,  and  I  think  an  equally  good  result  would  be  ob- 
tained by  the  use  of  a  roller  of  6  tons  instead  of  one  of  10  tons.  I 
cannot  agree  with  the  last  paragraph  of  the  paper,  that  "  steam 
road-rolling  is  still  in  its  infancy."  Steam  road-rollers  have  been 
in  use  twenty-five  years.  It  is  therefore  a  very  poor  compliment 
to  tell  us  that  steam  rolling  is  still  in  its  infancy.  I  think  we 
know  quite  as  much  about  steam  road-rolling  as  we  ever  shall 
know ;  and  I  do  not  know  of  any  great  improvements  in  recent 
years  in  the  engines  or  the  character  of  the  work  done,  and  I  do 
not  think  that  paragraph  should  go  forth  from  this  Association 
when  the  rollers  have  been  in  use  for  twenty-five  years.  I  think 
steam  road-rolling,  properly  carried  out,  is  now  about  as  perfect  as 
it  can  be. 

Mr.  Matthew  Jones  :  Sir,  perhaps  you  will  allow  me  to  inform 
the  Members  that  the  Chester  Corporation  is  in  possession  of  anew 
type  of  steam  roller  with  compound  cylinder  engine.  This  rids  us 
of  many  of  the  difficulties  which  arise  from  the  use  of  steam  in 
populated  towns,  as  in  some  measure  the  exhaust  is  stilled  and 
there  is  not  that  amount  of  throbbing  and  disturbance  of  the  air 
which  is  caused  by  the  single  cylinder  engine.  There  is  also  an 
economy,  less  coal  being  used.  During  the  short  time  we  have 
had  this  roller  our  highest  expectations  have  been  realised.  There 
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are,  however,  several  parts  of  the  machine  out  of  sight  and  not 
easily  accessible,  and  these  parts  have  not  been  effectively  oiled,  and 
although  we  have  been  in  possession  of  the  roller  for  twelve 
months  only,  we  have  had  to  have  it  repaired  and  an  inspection 
door  inserted.  I  think  the  meeting  at  Chester  to-day  bears  out 
what  has  been  remarked  by  the  previous  speaker  as  to  the  good 
which  these  meetings  do  each  of  us.  Mr.  Barber  comes  from  a 
very  large  town,  and  I  assume  he  knows  nothing  of  rural  sanitary 
work.  He  rather  takes  exception  to  the  conclusion  of  the  author 
who  has  stated  "that  steam  road-rolling  is  in  its  infancy."  I 
think  Mr.  Greenwell  was  speaking  of  steam  road-rolling  so  far  as 
Eural  Sanitary  Authorities  and  County  Councils  are  concerned, 
and  not  in  reference  to  towns  where  Members  have  had  so  many 
years'  experience  of  such  rolling.  I  think,  in  justice  to  Mr.  Green- 
well,  it  is  only  fair  to  say  that  his  meaning  is  perfectly  understand- 
able. Then  Mr.  Barber  takes  exception  to  the  weight  of  the  roller 
suggested  for  use  on  country  roads.  I  think  we  have  one  gentleman 
present  in  the  room,  the  surveyor  of  an  adjoining  district,  who  has 
a  very  vivid  experience  of  the  use  of  a  light  roller ;  and  if  there 
is  time  he  will,  perhaps,  give  such  information  as  will  induce 
Members  on  no  account  to  purchase  a  light  roller.  I  do  not, 
however,  fall  in  with  all  that  Mr.  G-reenwell  has  written.  It  is 
self-evident  that  we  have  advanced  further  in  the  knowledge  of  the 
question,  and  also  from  the  fact  that  gentlemen  who  are  now  looked 
upon  as  authorities  on  steam  road-rolling  came  to  this  city  for  their 
information. 

Mr.  J.  W.  M.  Smith  :  I  much  regret  I  was  not  able  to  be 
here  to  hear  the  whole  of  the  paper  read.  In  regard  to  road- 
rolling,  I  should  like  to  state  one  thing  for  the  information  of 
engineers  present.  The  experience  we  have  had  in  road-rolling 
for  fourteen  years  teaches  us  it  is  a  great  mistake  to  buy  your 
roller  too  light.  It  was  a  case  of  this  kind — either  we  had 
to  take  one  of  6  tons  15  cwt.  or  a  horse  roller.  The  use  of 
that  roller  was  a  mistake.  The  consumption  of  coal  was  the 
maximum,  the  work  done  was  the  minimum.  The  result  is  the 
Council  have  gone  in  for  a  12-ton  roller.  The  work  done  is  ever 
so  much  more,  and  the  cost  of  fuel  ever  so  much  less  than  it  cost 
to  work  Aveling  and  Porter's  10-ton  roller.  When  you  come  to 
use  a  roller  in  town  work,  and  use  the  best  class  of  stone,  it  is 
necessary  to  have  a  roller  of  the  proper  weight,  of  not  less  than 
10  tons. 
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Mr.  T.  De  Courcy  Meade  :  Although  the  majority  of  those 
present  have  doubtless  a  thorough  practical  knowledge  of  the  steam 
road-roller  and  its  work,  we  are  nevertheless  much  obliged  to  the 
author  for  contributing  a  paper  which  I  hope  will  lead  to  a  useful 
exchange  of  views.    I  would,  however,  suggest  to  him  that  "  steam 
road-rolling  in  rural  districts  "  would  have  been  a  better  title  for 
his  paper.    This  would  have  prevented  those  gentlemen  who  have 
spoken,  confusing  the  author's   remarks,  which  he  evidently- 
intended  to  apply  to  rural  roads  only,  with  work  in  town  and 
urban  districts.    I  have  had  steam  rollers  in  use  for  fourteen  years, 
and  have  at  present  four  rollers,  or  rather  I  had  four,  one  is  now 
worn  out.    One  roller  is  7  tons,  two  are  10  tons,  and  the  other 
15  tons,  so  I  have  had  the  opportunity  of  comparing  the  work 
done  by  rollers  of  different  weights.    I  must  say  my  experience  of 
the  work  done  by  the  7-ton  roller  was  very  different  from  that  of 
Mr.  Smith.     Possibly  his  roads  had  very  steep  gradients,  and  it 
may  be  the  6-ton  roller  he  speaks  of  was  one  of  the  older  make. 
The  7-ton  I  used  was  really  8  tons  or  a  little  more  in  full  work, 
and  it  did  its  duty  admirably ;  so  much  so  that  I  hesitated  as  to 
whether  one  of  the  newer  rollers  should  not  be  7  rather  than 
10  tons.     I  prefer  a  7-ton  to  a  10-ton  roller  for  consolidating 
flints  and  Kentish  rag,  or  other  soft  material.    The  weight  of  the 
roller  must  of  course  be  governed  to  a  large  extent  by  the  kind  of 
material  used  and  the  character  of  the  road  bottom :  with  hard 
macadam  such  as  blue  Guernsey  granite  the  heavier  roller  has 
the  advantage.     The  compound  cylinder  engine  mentioned  by 
Mr.  Jones  is  an  improvement  on  the  old  type  of  engine  in  many 
ways,  but  whether  it  will  be  the  most  economical  in  the  long  run 
remains  to  be  seen.    I  quite  agree  with  Mr.  Barber's  remarks ;  his 
district  adjoins  mine,  and  the  traffic  we  have  to  deal  with  is  of  a 
very  varied  character.    In  some  streets  the  vehicular  traffic  can  be 
stopped  or  diverted  while  the  streets  are  under  repair ;  in  these 
cases  we  get  the  best  results  from  the  steam  roller.    In  towns 
where  you  have  macadam  on  main  thoroughfares  it  is  ofttimes 
impossible  to  stop  or  divert  the  traffic,  and  in  such  cases  the  figures 
given  in  the  paper,  although  useful  for  the  purpose  of  comparison 
in  rural  districts,  cannot  be  applied  to  urban  work.  Sometimes 
only  one-half  of  the  width  of  the  road  can  be  dealt  with  at  a  time ; 
this  necessitates  frequent  stoppages  of  the  roller.    I  had  a  note 
kept  of  the  time  the  roller  was  in  actual  work,  and  the  time  it 
was  standing,  stopping  or  starting  owing  to  the  passage  of  vehicles. 
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I  found  it  was  in  actual  work  less  than  one-third  of  the  working 
day.  This  goes  to  show  how  fallacious  the  figures  before  us  would 
be  when  applied  to  town  districts.  I  merely  mention  these  facts 
so  that  some  of  the  younger  Members  of  the  Association  may  not 
be  misled.  The  author's  concluding  remark  that  "  steam  road- 
rolling  is  still  in  its  infancy,"  of  course  can  only  be  intended  to 
apply  to  rural  districts.  I  hope  we  may  soon  see  steam  rolling 
become  universal  on  rural  roads,  as  I  know  no  better  or  more 
economical  method  of  making  a  road. 

The  President:  Before  putting  this  vote  of  thanks  to  you, 
I  must  express  my  thanks  to  Mr.  Green  well  for  having  come 
forward  with  a  paper  to  be  read  at  a  district  meeting  outside  his 
own  district.  It  only  shows  he  had  not  his  own  glorification  in 
view  in  reading  the  paper,  but  wished  to  do  good  to  the  Association 
generally.  With  regard  to  the  paper  itself  I  must  say  I  agree  with 
the  remarks  that  have  been  made  by  Mr.  Barber,  or  a  great  many  of 
them,  that  the  figures  given  by  Mr.  Greenwell  would  be  very  falla- 
cious if  compared  with  the  work  to  be  done  in  towns.  The  quantity 
of  stone  which  can  be  rolled  varies  very  considerably  in  almost  every 
town,  and  depends  to  a  great  extent  upon  the  amount  of  traffic ; 
the  number  of  stoppages  which  have  to  be  made  to  allow  the 
traffic  to  pass ;  whether  you  can  stop  the  traffic  altogether ; 
whether  you  have  a  tramway  to  deal  with  ;  and  whether  you  have 
to  roll  the  whole  road,  or  are  merely  patching.  I  have  rolled 
1500  super,  yards  in  a  day  of  10  hours,  complete,  with  a  10-ton 
roller.  That  was  a  strip  of  road  between  the  tram  line  and  the 
channel,  only  15  feet  wide,  and  I  consider  it  the  best  day's 
work  I  ever  did  with  the  roller.  I  find  on  the  average  I  could 
not  do  more  than  600  yards  a  day  or  38  tons  of  metal.  I  know  a 
case  of  a  town  not  very  far  from  here,  where  the  average  for  the 
year  was  only  200  yards  and  12  tons  of  material  in  a  day.  With 
reference  to  taking  the  quantity  of  material  rolled,  it  very  often 
happens  that  you  need  only  score  the  road  and  roll  it  down  again, 
when  no  stone  whatever  would  be  used.  You  cannot  take  the 
quantity  of  stone  as  a  comparison  so  well  as  you  can  the  number 
of  super,  yards  rolled.  The  cost  of  my  road  rolling  is  from  \&.  to 
\&.  per  super,  yard.  There  is  no  doubt  that  steam  rolling  has 
revolutionised  the  making  of  roads,  and  that  you  can  now  make 
them  as  well  in  summer  as  in  winter,  and  in  dry  weather  as  in  wet. 

Mr.  Greenwell,  in  reply,  said :  I  thank  you  very  much  for  the 
kind  way  in  which  you  have  received  this  short  paper.    It  was  not 
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intended  to  cover  the  whole  question  of  steam  rolling  in  urban  and 
rural  districts,  but  was  intended  simply  as  a  record  of  experience  in 
a  rural  district.  It  is  quite  impossible  for  any  one  man  to  have 
complete  experience  over  all  the  subject,  and  I  only  contribute  my 
very  small  quota  towards  the  general  knowledge.  There  are  one 
or  two  points  in  the  discussion  I  should  like  to  refer  to.  Mr.  Barber 
has  pointed  out  the  difference  which  exists  in  the  amount  of  stoppage 
in  town  and  country,  from  the  fact  that  in  towns  roads  have  to  be 
rolled  at  once.  But  the  two  are  more  on  the  same  footing  than 
would  appear  at  first  sight.  Of  course  there  is  no  doubt  the  amount 
of  stoppage  due  to  traffic  in  rural  districts  is  small  as  compared 
with  towns ;  but  whereas  in  towns,  owing  to  the  greater  width  of 
the  streets,  the  traffic  will  pass  while  the  roller  is  at  work,  in  rural 
districts  the  roller  has  to  be  stopped  altogether  to  allow  the  traffic 
to  pass.  With  regard  to  the  quality  of  the  stone,  very  little  grey 
limestone  is  used.  I  do  not  quite  agree  with  Mr.  Barber  as  to  the 
quality  of  mountain  limestone  ;  the  stone  I  use  makes  very  good 
roads  in  rural  districts.  I  do  not  suppose  it  would  make  such  good 
roads  for  Chester  or  Manchester,  but  for  rural  roads  or  small  country 
towns  it  is  a  very  good  material.  With  regard  to  Mr.  Jones's 
remark  as  to  the  new  pattern  of  roller  with  compound  double 
cylinder  engine  saving  a  considerable  quantity  of  coal,  I  should 
like  him  to  state  the  quantity  of  coal  used.  With  regard  to  lighter 
rollers,  I  have  tried  a  lighter  roller,  but  could  not  get  it  to  do  its 
work  properly.  As  to  steam  rolling  not  being  in  its  infancy,  I 
admit  it  is  not  in  its  infancy  in  one  sense  of  the  word.  In  the 
large  towns  the  steam  roller  is  as  well  known  as  the  man  who 
spreads  the  stone  on  the  road ;  but  in  country  districts,  and 
especially  in  the  south,  you  do  not  often  find  the  steam  roller,  it 
is  comparatively  rare.  If  you  take  the  figures  given  by  reliable 
authorities  on  the  expense  and  merits  of  steam  rollers,  whether  for 
large  or  small  towns,  I  think  you  will  find  there  is  not  so  much 
agreement  about  it  as  is  made  out  to-day.  One  finds  that  they  do 
not  agree  with  each  other,  and  that  a  very  great  many  of  them  do 
not  exactly  know  what  they  believe  themselves.  One  remark  as 
to  the  unreliability  of  figures  as  to  the  quantity  of  stone  put  on  a 
road  as  compared  with  superficial  area.  It  is  natural  if  a  road  is 
simply  scored  and  no  stone  is  put  on  it,  that  a  larger  area  would  be 
rolled  than  if  new  stone  was  put  on  the  road.  As  I  mentioned  in 
the  paper,  I  base  my  calculations  upon  the  cost  per  cubic  yard,  as 
affording  a  more  reliable  check  on  the  returns  that  are  made. 
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THE  EATON  AND  ECCLESTON  SEWAGE 
PRECIPITATION  WORKS. 

By  ALBERT  WOLLHEIM,  Assoc.  M.  Inst.  C.E. 

The  Duke  of  Westminster's  estates  near  Chester,  situated  on  the 
banks  of  the  river  Dee,  are  very  extensive,  and  comprise,  besides 
the  world-renowned  Eaton  Hall,  the  villages  of  Eccleston,  Aldford, 
and  others,  and  a  number  of  isolated  mansions  and  residences 
scattered  over  the  estate.  There  are  also  several  blocks  of  buildings 
contributing  considerable  quantities  of  sewage,  such  as  the  Eaton 
Laundry  and  the  celebrated  Eaton  Stud.  When  the  author  was 
called  in  to  advise  as  to  the  disposal  of  the  sewage  on  the  estate, 
the  highly  objectionable  and  dangerous  cesspit  or  overflow  cesstank 
system  was  found  in  operation,  a  system  which  is  still  almost 
universally  in  vogue  at  our  country  mansions  and  public  institu- 
tions, but  the  days  of  which,  having  regard  to  the  progress  of 
sanitary  science,  it  is  to  be  hoped  are  numbered.  The  author 
naturally  endeavoured,  at  the  outset,  to  collect  the  entire  sewage 
into  one  common  outfall  sewer  ;  but  it  was  found  that  this  was  not 
practicable,  owing  to  the  contour  of  the  ground  and  the  distances 
between  the  various  places,  circumstances  which  would  have 
entailed  an  outlay  not  at  all  commensurate  with  the  volume  of 
sewage  to  be  dealt  with.  It  was  therefore  decided  to  proceed 
with  the  work  in  sections.  The  first  section,  which  has  recently 
been  completed,  deals  with  the  sewage  from  the  Hall,  as  well  as 
with  the  Laundry  washings.  The  second  section,  which  will  be 
commenced  shortly,  will  deal  with  the  sewage  from  the  village  of 
Eccleston  and  surrounding  properties,  whilst  the  remaining  habi- 
tations, farm  buildings,  &c,  will  deal  with  their  sewage  separately. 

The  Eaton  precipitation  station  consists  of  accumulation  tanks, 
mixing  channel,  precipitation  tanks,  and  a  building  containing  three 
rooms,  one  for  the  engine,  another  for  the  mixers  for  preparing 
the  chemicals,  and  a  third  used  as  a  chemical  store.  Utilising 
sideling  ground  enabled  a  site  to  be  selected  which  is  an  excep- 
tionally favourable  one,  for  not  only  does  the  sewage  gravitate  to 
the  accumulation  tanks,  but  it  also  gravitates  from  these  to  the 
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mixing  channel  and  precipitation  tanks  ;  moreover,  the  effluent  as 
well  as  the  sludge  gravitate  from  the  precipitation  tanks,  the  former 
into  a  channel  leading  to  the  river  Dee,  the  latter  into  air-drying 
pits  close  to  the  site. 

The  reason  for  accumulating  the  sewage  in  storage  tanks — a 
system  which  the  author  has  adopted  in  similar  installations  where 
a  sufficient  fall  is  available — is  this:  in  small  works  the  cost  of 
labour  in  attending  to  the  plant  forms  a  very  considerable  item  in 
the  working  expenses,  and  should  therefore  be  kept  down  to  the 
lowest  possible  limit.  This  can  be  done  by  accumulating,  whenever 
possible,  the  entire  day's  sewage  in  storage  tanks.  The  capacity  of 
each  division  of  the  storage  tank  is  adjusted  to  correspond  with  the 
capacity  of  a  similar  division  of  the  precipitation  tank.  In  this 
way  it  is  only  necessary  to  discharge  the  sewage  into  the  precipi- 
tation tanks  in  the  morning,  adding  the  chemicals  during  the 
discharge.  Moreover,  the  chemicals  are  made  up  in  the  mixers 
ready  for  discharge,  the  capacity  of  each  being  adjusted  to  corre- 
spond with  the  quantity  of  precipitant  to  be  added  to  any  one 
compartment  of  the  storage  tanks.  In  the  present  installation 
each  compartment,  and  consequently  each  mixer,  is  adjusted  by  the 
man  in  charge  to  empty  in  about  twenty  minutes.  Thus  the  propor- 
tioning of  the  quantities — a  very  important  matter  in  the  author's 
opinion,  and  a  problem  presenting  some  difficulty  in  gravitation 
works  where  the^equalising  action  [of  sewage  pumps  is  absent  and 
the  flow  of  sewage  is  subject  to  sudden  variations — becomes  a  very 
simple  task.  There  are  indeed  some  who  think  that  it  suffices  to 
place  some  soluble  chemical  substance  in  the  channel  through 
which  the  sewage  flows,  but  it  need  hardly  be  observed  that  no 
chemical  or  mixture  of  chemicals  has  yet  been  discovered  or 
invented  which  possesses  the  somewhat  remarkable  property  of 
dissolving  in  proportion  to  the  flow  of  sewage.  In  visiting  some 
works  not  long  ago,  and  noticing  a  chemical  preparation  suspended 
in  the  flow  of  sewage,  the  author  asked  the  man  in  charge  whether 
the  material  dissolved  just  in  the  proportion  that  he  required.  He 
replied  :  "  Oh  yes,  sir,  but  I  have  to  give  it  a  kick  now  and  again! " 
The  author  holds  that  if  sewage  is  worth  treating  at  all,  it  is 
certainly  worth  while  taking  some  little  trouble  over  exact 
proportions  of  chemicals. 

The  tanks  are  built  of  concrete,  the  tank  walls  being  of  6  to 
1  as  a  hearting,  with  a  hard  2  to  1  skin,  thus  dispensing  with 
cement  rendering,  which  if  not  put  on  very  carefully  and  before  the 
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concrete  is  very  hard,  will  invariably  cause  trouble  sooner  or  later  by 
scaling  off.  The  storage  and  precipitation  tank  bottoms  have  a 
fall  of  1  in  30  and  1  in  24  respectively  towards  the  outlet.  After 
a  long  series  of  observations  the  author  has  come  to  the  conclusion 
that  a  less  fall  than  1  in  30  is  not  advisable.  The  sludge  outlets 
are  controlled  by  flat  screw-down  plug  valves  lined  with  india- 
rubber  washers.  They  are  perfectly  tight  and  have  given  great 
satisfaction,  because  on  being  opened  they  cause  a  vortex  which 
draws  the  sludge  towards  it  from  a  considerable  distance  and  thus 
helps  to  scour  the  tank  bottom.  The  several  divisions  of  the  tanks 
communicate  with  each  other  by  safety  overflows,  and  have  besides 
safety  overflow  outlets. 

The  engine  and  mixing  house  is  a  brick  building  divided  into 
three  rooms  as  before  mentioned.  The  engine  for  driving  the 
mixers  is  a  Crossley's  "Otto"  gas  engine.  The  mixers  are  in 
duplicate  and  were  made  to  a  special  design,  which  the  author  has 
adopted  for  similar  work,  and  they  certainly  produce  a  mixture 
which,  during  agitation,  is  almost  uniform  in  consistency  from  top 
to  bottom.  Most  mixers  at  existing  sewage  works  are  simply 
plain  tubs  with  a  central  vertical  revolving  spindle  having  narrow 
arms  projecting  therefrom.  Such  a  mixer,  if  set  in  motion,  will 
simply  revolve  the  contents  as  a  whole  without  much  intermixing. 
The  author  fixes  to  the  side  of  the  tub  first  of  all  several  strips  or 
fillets.  This  prevents  the  revolution  of  the  liquid  as  a  body. 
Attached  to  the  arms  are  sheet  iron  blades  set  at  an  angle  of  about 
45  degrees,  and  also  diagonal  blades  sloping  from  one  arm  to  the 
arm  next  below  and  in  front  of  it.  An  upward  screw  action  is 
thus  obtained,  and  as  the  result  the  contents  have  a  uniform 
consistency. 

The  Eaton  laundry,  at  which  extensive  alterations  and  additions 
have  recently  been  made,  produces  a  considerable  quantity  of  waste 
water  or  sewage  which,  on  account  of  the  rapidity  with  which  it 
putrefies  and  the  risk  of  contagion  through  disease  germs  which  it 
may  contain,  it  is  important  to  disinfect  thoroughly.  The  sewage 
is  collected  in  a  covered  underground  concrete  storage  tank,  having 
a  bottom  slope  of  1  in  10.  A  small  Worthington  duplex  steam 
pump  has  been  fixed  in  a  recess  in  the  new  boiler  house.  The 
pump  has  a  4-inch  suction  to  the  storage  tank,  and  pumps  the 
sewage  through  a  cast-iron  3-inch  rising  main  into  the  storage 
tank  of  the  precipitation  works,  a  distance  of  a  little  under  half 
a  mile. 
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The  works  have  been  carried  out  in  a  substantial  manner  under 
the  able  superintendence  of  Mr.  Joshua  Smith,  the  estate  clerk  of 
works. 

A  brief  reference  to  the  method  of  treatment  adopted  at  the 
Eaton  works  will,  no  doubt,  be  acceptable.  It  is  the  "  Amines  " 
process,  and  its  distinguishing  characteristic  is  that  it  effects 
complete  sterilisation.  It  is  now  generally  admitted  that  any 
scheme  of  sewage  treatment  and  disposal  must  aim  at  effective 
prevention  of  all  nuisance  and  danger  to  health  within  reasonable 
limits  of  cost,  and  that  whatever  danger  or  nuisance  is  attributable 
to  sewage  is  caused  by  the  bacteria  which  it  contains.  Strides  so 
rapid,  and  discoveries  so  startling  and  of  such  direct  bearing  on  the 
sewage  question  have  been  made  in  bacteriological  science,  that 
any  sewerage  engineer  who  should  ignore  the  lessons  taught  by 
those  scientific  discoveries  would  commit  a  serious  mistake.  For, 
whether  the  plan  adopted  contemplates  the  treatment  of  the 
sewage  in  tanks  or  on  lands,  or  both,  with  or  without  artificial 
filtration,  the  question*of  the  bacteriological  effects  of  the  treatment 
obtrudes  itself  at  every  stage.  At  the  tanks  it  is  a  question  of 
avoiding  putrefactive  smell  caused  by  the  action  of  bacteria  on  the 
albuminoid  organic  matter.  After  artificial  filtration,  though  the 
risk  of  putrefaction  may  have  :been  minimised,  the  danger  from 
disease  germs  is  not  excluded.  Both  land  filtration  and  broad 
irrigation  are  open  to  objection  on  sanitary  grounds,  unless  all 
disease  germs  have  been  previously  destroyed,  for  otherwise  there 
is  risk  of  contaminating  the  subsoil  water  ;  and  as  for  broad  irriga- 
tion, that  has  clearly  been  shown  to  be  capable  of  spreading  disease 
through  the  medium  of  germs  deposited  on  roots  and  leaves  of 
farm  crops.  In  this  connection  the  following  passage  in  an 
address  delivered  the  other  day  by  no  less  an  authority  than 
Pasteur,  before  the  Council  of  Hygiene  and  Salubrity  at  Paris,  is 
highly  significant. 

"  It  is  proposed  not  to  conduct  to  the  sea  the  pathogenic  germs 
of  the  numerous  contagious  diseases  which  decimate  all  our 
population,  but  to  accumulate  them  each  year  more  and  more  on 
the  fields  situated  at  the  gates  of  the  great  towns,  and  these  fields 
will  be  cultivated.  It  would  be  better  if  the  fields  remained 
uncultivated,  for  then  you  would  not  incur  the  risks  of  bringing 
back  the  germs  to  Paris.  At  Havre  some  cases  of  cholera  have 
been  traced  to  the  eating  of  vegetables  so  treated." — Engineer, 
April  27,  1894. 
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Now,  as  the  "  Amines  "  process  succeeds  in  destroying  every 
species  of  germs  contained  in  sewage,  it  follows  as  a  matter  of 
course  that  both  the  effluent  and  the  sludge  are  non-putrescible, 
and  further,  that  neither  of  them  can  be  carriers  of  disease.  The 
cost  of  chemicals  for  the  process  is  one-halfpenny  per  thousand 
gallons  of  sewage  treated. 

In  conclusion,  it  may  be  mentioned  that  in  the  plans  for  the 
Eccleston  section  about  to  be  commenced  it  is  intended  to  in- 
corporate certain  working  improvements  which  the  author  hopes 
to  be  able  to  bring  to  the  notice  of  this  association  on  a  future 
occasion. 

DISCUSSION. 

The  President  :  I  must  say  we  are  all  very  much  obliged  to 
Mr.  Wollheim  for  preparing  a  paper  for  us.  The  works  are  rather 
small  and  not  of  a  sufficient  size  to  afford  us  an  idea  of  the  "  Amines" 
process.  The  character  and  strength  of  the  sewage  also  is  very 
regular,  and  when  I  tell  you  that  the  quantity  is  250  gallons  per 
head  per  day,  you  will  understand  that  the  sewage  must  be  of  a 
weak  character,  and  very  different  to  what  we  have  to  deal  with 
in  towns.  I  cannot  allow  you  to  leave  here  without  proposing  a 
vote  of  thanks  to  His  Grace  the  Duke  of  Westminster  for  his 
kindness  in  allowing  us  to  visit  Eaton  Hall,  and  to  the  Hon.  Cecil 
Parker,  Mr.  Grant  and  Mr.  Smith.  If  we  had  had  time  there  is 
no  doubt  a  great  deal  we  should  have  liked  to  see ;  and  I  am  sorry 
we  have  not  had  more  time  to  look  over  the  place. 

The  vote  of  thanks  to  His  Grace  the  Duke  of  Westminster 
having  been  accorded, 

Mr.  J.  Cartwright  said:  May  I  suggest  that  Mr.  Wollheim 
include  in  his  paper  the  analysis  of  the  sewage ;  I  think  by  so 
doing  he  will  greatly  add  to  the  value  of  it. 

Mr.  T.  De  Courcy  Meade  :  I  have  pleasure  in  moving  a  vote 
of  thanks  to  Mr.  Wollheim  for  his  description  of  the  treatment  of 
the  sewage  of  Eaton  Hall  by  the  "  Amines  "  process,  but  we  should 
be  glad  if  he  would  give  us  through  the  Secretary  some  information 
as  to  the  quantity  of  chemicals  used  and  analysis  of  the  sewage 
and  of  the  effluent,  so  that  it  may  be  included  in  the  Minutes  of 
Proceedings.  From  what  I  gather  to-day  the  sewage  is  of  a  very 
dilute  character,  the  quantity  of  water  used  per  head  (200  gallons) 
being  abnormal,  and  if  I  rightly  understand  Mr.  Wollheim,  lime 
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and  herring  brine  is  used  in  its  treatment,  in  the  proportion  of  38 
to  40  grains  lime  and  4  to  5  herring  brine.  We  can  there- 
fore judge  from  the  quantity  of  chemicals  the  cost  of  working. 
The  cost  given  by  Mr.  Wollheim  I  understand  is  of  the  chemicals 
only,  exclusive  of  the  labour  of  working  and  all  other  expenses. 
The  quantity  of  lime,  40  grains,  is  so  excessive  that  I  would  like  to 
enquire  whether  the  effluent  has  had  any  effect  on  the  fish  at  or 
near  to  the  outfall.  In  such  small  works  the  excess  of  sludge 
resulting  from  this  treatment  is  not  perhaps  noticeable,  there 
being  abundance  of  land  available  for  its  reception,  but  I  venture 
to  think  that  if  the  works  were  larger  and  pressing  had  to  be 
resorted  to,  the  excess  of  sludge  would  form  a  serious  item  in  the 
expenditure.  I  feel  sure  that  Mr.  Wollheim  will  excuse  my  asking 
for  further  information,  as  without  it  his  interesting  paper  would 
not  be  complete. 

The  Members  proceeded  by  river  to  Eecleston  Ferry,  to  visit  the 
residence  of  His  Grace  the  Duke  of  Westminster.  On  arrival  at 
Eecleston  Ferry  the  Members  walked  through  the  Park  and  were 
shown  over  the  Paddocks,  and  then  proceeded  to  Eaton  Hall,  where 
they  vjere  afforded  an  opportunity  of  inspecting  the  treasures  of 
the  palatial  residence.  The  sewage  works  were  visited  and  Mr. 
Wollheim  read  his  paper  in  the  Biding  School  upon  the  treat- 
ment adopted.  Votes  of  thanks  were  cordially  passed  to  Mr.  Jones 
and  Mr.  Wollheim.  The  Members  then  returned  by  boat  to 
Chester,  where,  with  Mr.  Matthew  Jones  acting  as  cicerone,  they 
visited  the  Cathedral,  the  City  Walls  and  other  places  of  anti- 
quarian and  historic  interest  in  the  famous  city  on  the  Dee. 
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The  Mayor  (Alderman  J.  P.  C.  Shrubb)  very  cordially  welcomed 
the  Association,  and  trusted  that  the  days  proceedings  would  be  in 
every  way  successful. 

The  President,  on  behalf  of  the  Association,  thanked  the  Mayor 
and  Corporation  for  the  kind  welcome  that  was  offered. 

Mr.  Jos.  Hall,  of  Cheltenham,  was  unanimously  re-elected  Hon. 
Secretary  for  the  Western  Counties  District. 


MUNICIPAL  AND  HARBOUR  ENGINEERING 
WORKS,  TORQUAY. 

By  HENRY  A.  GAEEETT,  Assoc.  M.  Inst.  C.E., 


Borough  Surveyor  and  Harbour  Works  Engineer,  Torquay. 

Torquay  is  a  fashionable  watering  place  in  the  parish  of 
Tormoham,  South  Devon,  situate  on  the  north-east  corner  of 
Torbay,  about  two  miles  from  the  point  known  as  Hopes  Nose 
(which  forms  the  eastern  boundary  of  Torbay),  surrounded  by 
precipitous  hills,  of  which  the  Waldon  Hill,  the  Lincombe  Hill 
and  the  Warberry  Hill  are  most  prominent;  it  occupies  a  most 
unique  and  sheltered  position.  The  buildings  are  for  the  most 
part  placed  over  the  sides  of  these  hills,  one  above  and  a  little 
behind  the  other,  and  in  many  cases,  especially  through  the  central 
valley,  the  sites  for  them  have  been  obtained  by  cutting  away  the 
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Held  in  the  Bath  Saloon,  Torquay. 


J.  T.  Eayrs,  President,  in  the  Chair. 
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rocks,  the  debris  of  which  has  supplied  the  necessary  materials 
for  the  walls. 

Torquay  mainly  depends  for  its  prosperity  upon  its  landscape 
attractions,  its  delightful  position  in  an  expansive  bay,  and  its 
mild  and  genial  climate,  which  is  considered  to  be  peculiarly 
desirable  for  invalids. 

It  may  be  said  to  have  little  or  no  history,  as  its  existence 
only  dates  back  about  one  hundred  and  twenty  years,  although  as 
early  as  the  sixteenth  century,  at  least,  there  was  no  inconsiderable 
number  of  houses  in  the  neighbourhood  of  the  harbour,  the 
locality  at  that  time  being  better  known  as  "  Fleete  "  (from  which 
the  main  thoroughfare,  Fleet  Street,  takes  its  name).  Tor  also 
was  a  fairly  populous  village ;  several  of  the  quaint  old  houses  are 
still  existing. 

During  the  first  quarter  of  the  present  century  Torquay  was 
in  a  state  of  transition,  emerging  from  the  condition  of  a  quiet 
village  into  a  thriving  fashionable  town.  Its  population  in  1801 
numbered  only  800 ;  in  1821, 1925 ;  in  1831, 3582;  in  1851, 11,474 ; 
in  1861,  16,419;  in  1891,  25,545 ;  and  at  the  present  time  it  is 
estimated  to  exceed  27,000. 

The  annual  rateable  value  of  property  in  1823  was  442 61. ; 
in  1851  it  had  risen  to  32,264Z.;  in  1871,  to  9J,129Z.;  at  the 
present  time  it  amounts  to  134,000/.  The  area  of  the  district  is 
1465  acres ;  of  this,  1128  acres  forms  the  estate  known  as  the 
Haldon  Estate,  the  property  of  the  trustees  of  Lord  Haldon,  and 
the  remainder,  with  hardly  an  exception,  to  Mr.  E.  S.  S.  Gary, 
lord  of  the  manor  of  Tor  Abbey. 

Its  Municipal  and  Harbour  Engineering  Works  as  seen  to-day 
occupy  the  most  prominent  position,  and  well  illustrate  its  rapid 
progress.  It  will  be  convenient  to  divide  the  subject  proper  of 
this  paper  under  five  heads,  viz.  (1)  Municipal  Work  as  applied 
to  its  Local  Government;  (2)  Sewerage;  (3)  Water  Supply; 
(4)  General  Sanitation ;  and  (5)  Harbour  Engineering  Works. 

Municipal  Work  as  applied  to  its  Local  Government. 

The  government  of  the  town  as  relates  to  paving,  lighting, 
cleansing  and  watching,  was  originally  vested  in  a  Commission 
by  virtue  of  a  local  Act  called  the  Improvement  Act,  1835. 
Eighteen  commissioners  were  appointed  by  election  of  the  rate- 
payers under  this  Act,  and  they  were  empowered  to  make  a  rate 
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or  rates  not  exceeding  4^d.  in  the  £  in  any  one  year.  Previous 
to  the  above  date  the  affairs  of  the  parish  were  managed  by  a 
body  known  as  the  Select  Vestry  under  the  Act  of  59  George  HI. 
The  first  meeting  of  the  commissioners  was  held  on  August  3rd, 
1835.  Among  the  officers  appointed  was  "one  Charles  Kilby, 
who  united  in  his  own  person  the  functions  of  principal  constable, 
surveyor,  inspector  of  nuisances  and  collector  of  rates."  The 
commissioners  sat  for  the  last  time  on  the  20th  September,  1850, 
and  the  election  of  twelve  persons  to  constitute  the  Torquay 
Local  Board  of  Health  took  place  the  same  month.  The  manage- 
ment of  the  town  remained  in  the  hands  of  this  body  down  to 
the  year  1892,  when  it  received  its  charter  of  incorporation, 
bearing  date  the  15th  day  of  August,  1892. 

Sewerage. 

The  sewerage  system  of  the  town  is  acknowledged  to  be  as 
perfect  as  any  in  the  kingdom ;  it  was  designed  and  carried  out  by 
the  late  Sir  Joseph  W.  Bazalgette,  K.C.B.,  Past  President  of  the 
Institute  of  Civil  Engineers.  The  undertaking  was  commenced 
in  1875,  and  completed  in  1878.  Its  main  features  are  a  high 
and  a  low  level  system  of  sewers.  The  outfall  is  at  Hopes  Nose, 
the  eastern  extremity  of  Torbay,  and  about  two  miles  from  the 
town.  It  is  7  feet  in  diameter,  and  its  level  is  4*16  below  high 
water  spring  tides;  the  total  length  of  the  high  level  sewer  is 
17,030  feet,  and  for  a  length  of  11,387  feet  it  is  7  feet  diameter. 
The  fall  is  1  in  1177.  There  are  three  tunnels,  the  Waldon, 
the  Meadfoot  and  the  Kilmorie.  The  Waldon  is  1150  feet  long 
and  is  5  feet  6  inches  high  by  4  feet  wide.  It  is  bored  through 
Devonian  limestone  throughout,  the  invert  being  lined  with 
cement.  The  cost  of  this  tunnel  amounted  to  36s.  per  lineal  foot. 
The  Meadfoot  tunnel  is  4458  feet  long  and  7  feet  diameter 
throughout;  the  nature  of  the  ground  through  which  it  was 
bored  varied  considerably,  part  being  limestone  rock,  part  shale 
and  part  very  soft  ground.  Where  the  rock  occurred,  the  invert 
and  half  the  ring  was  lined  with  Portland  cement,  and  the  re- 
mainder throughout  was  lined  with  two  rings  of  brickwork  in 
cement  backed  with  concrete.  The  average  cost  of  this  tunnel 
was  29s.  per  foot  lineal.  The  Kilmorie  tunnel  and  the  Meadfoot 
sea  wall  was,  however,  the  most  difficult  portion  to  deal  with.  It 
was  also  necessary  to  construct  a  massive  sea  wall  at  the  toe  of 
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the  Meadfoot  Cliff  1900  feet  in  length,  of  random  coursed 
masonry  backed  with  rubble,  behind  which  the  sewer,  7  feet 
diameter,  was  constructed.  The  sewer  consisted  of  a  single  ring 
of  brickwork  founded  upon  a  concrete  bottom  carried  down  to 
the  solid  rock.  The  Kilmorie  tunnel  is  4564  feet  long ;  the  nature 
of  the  ground  through  which  it  is  bored  varied  greatly,  in  some 
places  argillaceous  siliceous  grit  with  bands  of  pure  quartz,  and 
in  others  soft  shaly  composition,  and  at  its  extremity  near  the 
outfall  it  is  of  pure  limestone.  In  the  rocky  portion,  the  invert 
and  half  the  ring  only  is  lined  with  cement  concrete,  and  in  the 
soft  ground  the  sewer  is  lined  with  concrete  for  its  full  circum- 
ference. In  some  places  this  ring  of  concrete  is  suffering  a  little 
from  the  crushing  by  the  weight  of  the  ground  and  prevalence 
of  water  in  the  shaly  parts,  and  the  author  has  found  it  necessary 
(as  also  did  his  predecessor)  to  cause  the  concrete  to  be  cut  out 
and  brick  linings  to  be  inserted  in  several  parts  for  distances 
varying  from  9  to  35  feet  each.  The  total  cost  of  the  tunnel 
was  14,358Z.,  or  31.  2s.  lid.  per  lineal  foot. 

Ventilation  is  obtained  by  means  of  several  shaft3  varying  in 
diameter  from  8  to  4  feet  and  is  so  effectual  that  men  may  safely 
work  there  for  hours  without  feeling  any  ill  effects. 

The  total  length  of  the  low  level  system  of  sewers  is  5184  feet, 
terminating  at  Swan  Street.  The  sewerage  is  there  lifted  to  a 
height  of  16  feet  by  means  of  two  hydraulic  pumps  worked  by  a 
head  of  250  feet  of  water  supplied  from  the  town  mains  and  there 
delivered  into  the  high  level  system..  These  pumps  are  capable 
of  lifting  14,000  gallons  of  sewage  per  hour  and  require  very 
little  superintendence. 

The  velocity  of  flow  through  the  high  level  main  sewer  is 
about  2\  miles  per  hour,  and  its  discharging  capacity  is  8000 
cubic  feet  per  minute  or  3,120,000  gallons  per  hour,  or  74,888,000 
gallons  per  day  of  24  hours. 

The  total  cost  of  the  whole  scheme  was  66,145Z. 

Water  Supply* 

The  water  supply  is  in  the  hands  of  the  Corporation.  It  is 
undoubtedly  one  of  the  best  in  England,  both  as  regards  quality 
and  quantity,  the  latter  of  which  is  unlimited.  Up  to  1858,  how- 
ever, the  supply  was  partly  derived  from  some  private  reservoirs 
(of  which  there  were  five  in  the  district,  belonging  to  the  late  Sir 
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Laurence  Palk),  and  partly  from  wells  and  springs.  As  the  popu- 
lation increased  this  supply  became  inadequate,  and  the  Local 
Board  determined  to  obtain  a  supply  from  the  granite  hills  of 
Dartmoor,  some  15  miles  distant.  Impounding  reservoirs,  covering 
an  area  of  100  acres,  capable  of  storing  300,000,000  gallons,  were 
constructed  at  a  cost  of  68,O0OZ.  The  water  is  delivered  by 
gravitation  through  10-inch  mains  laid  in  duplicate,  and  distributed 
into  every  part  of  the  town,  also  the  Local  Board  Districts  of 
Wolborough  (population  8525),  St.  Mary  Church  (6653)  and 
Cockington  (1717).  The  works  are  under  the  care  of  Mr.  T.  S. 
Weeks,  who  has  for  the  past  32  years  superintended  their  develop- 
ment down  to  the  present  time.  He  will  further  explain  the 
system  of  supply  at  the  service  reservoirs  at  Chapel  Hill  to-day. 

Public  Eoads  and  Streets. 

The  total  length  of  public  roads  and  streets  is  36  miles,  of 
which  7  miles  are  main  roads  under  the  control  of  the  Devon 
County  Council.  The  whole  of  them  are  macadamised,  local  lime- 
stone being  the  material  used.  The  Town  Council  are  the  owners 
of  four  quarries ;  two  in  the  centre,  one  at  Upton  on  the  north 
side,  and  one  at  Walls  Hill  on  the  east  side  of  the  town.  Two 
stone-breaking  machines  (a  "Blake"  and  a  "Baxter"),  driven 
respectively  by  an  8-h.p.  semi-portable  engine,  and  a  10-ton 
"  Wallis  and  Stevens  "  steam  roller,  are  kept  almost  continuously 
at  work  breaking  stone  and  gravel.  The  limestone  varies  in  hard- 
ness, that  of  the  Walls  Hill  quarry  being  the  best  is  used  largely 
on  the  thoroughfares  over  which  the  bulk  of  the  traffic  passes,  and 
that  of  the  Upton  quarry  for  footpaths  and  roads  of  a  secondary 
nature.  Dug  flints,  broken  to  the  size  of  a  walnut,  are  largely 
used  for  the  top  coating  of  the  hills.  The  average  cost  of  lime- 
stone metalling  per  ton  is  Is.  6d. 

Limestone  gravel,  3s.  Od.  per  ton. 
Flint  stones,        5s.  2d.  „ 
„   gravel,        3s.  8d.  „ 

The  footpaths  are  composed  largely  of  Caithness  or  York  flagging, 
the  use  of  which  however  is  now  discontinued,  cement  concrete 
laid  in  situ,  and  tarred  macadam.  The  concrete  paths  are  composed 
of  one  of  Portland  cement,  two  of  fine  Exmouth  sand,  and  three  of 
crushed  gravel,  laid  to  a  thickness  of  3  inches  on  a  bed  of  3  inches 
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of  broken  stone,  rammed  to  a  smooth  surface.  The  average  cost 
per  square  yard  amounts  to  2s.  4d.  The  tarred  macadam  is  com- 
posed of  two  thicknesses,  the  bottom  or  first  coat  being  broken  to 
a  l|-inch  ring,  made  hot,  then  mixed  with  boiling  tar,  laid  and  well 
rolled  and  consolidated.  The  second  or  top  coat  consists  of  clean 
crushed  limestone  subjected  to  the  same  process,  then  laid  on  the 
top  of  the  first  coat  and  dressed  with  fine  limestone  dust  and  well 
rolled  and  consolidated. 

Sewer  Ventilation. 

In  common  with  the  towns  of  such  a  hilly  nature  the  subject 
of  sewer  ventilation  for  the  branch  sewers  has  proved  a  difficult 
matter  to  deal  with.  Where  possible  ventilation  through  pipe  shafts 
has  been  adopted,  but  owing  to  the  configuration  of  the  district  great 
difficulty  is  experienced  in  obtaining  suitable  sites  for  their  erection. 
In  addition,  however,  to  this,  the  system  locally  known  as  the 
"  safety  shaft "  has  been  insisted  upon  to  every  new  house  that  is 
erected.  It  consists  of  a  separate  pipe  laid  from  the  sewer  side  of 
the  disconnecting  trap,  and  carried  up  to  the  highest  point  on  every 
new  house,  each  house  therefore  having  to  bear  its  share  of  sewer 
ventilation.  There  are  upwards  of  2000  of  these  shafts  already 
erected  in  the  district,  in  addition  to  the  pipe  shafts  before  mentioned, 
varying  in  diameter  from  10  to  6  inches. 

Sewer  Flushing. 

Great  difficulties  are  experienced  in  satisfactorily  flushing  the 
branch  sewers,  owing  to  the  steep  gradients  of  the  district ;  there 
are  no  automatic  flushing  tanks,  but  during  the  summer  two  flush- 
ing carts  are  continuously  engaged  in  distinct  parts  of  the  district 
charging  the  sewers  with  disinfectant  fluid,  either  sulphate  of  iron 
or  bichloride  of  mercury ;  a  large  quantity  of  water  is  thus  used 
and  we  have  found  the  system  very  effectual. 

Cleansing  of  Streets  and  Collection  of  House  Eefuse. 

The  principal  roads  and  streets  are  swept  and  cleaned  daily 
through  the  week.  The  cleansing  staff  consists  of  28  men, 
5  waggoners  and  5  horses  and  carts.  The  average  annual  cost  is 
1200?.    The  average  annual  cost  of  collection  of  house  refuse 
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amounts  to  1400Z.,  and  gives  employment  to  13  men  with  8  horses 
and  carts  per  day  throughout  the  year;  the  average  number  of 
tons  dealt  with  annually  being  between  7000  and  8000.  The 
vexed  question  of  the  disposal  of  this  large  quantity  is  now 
engaging  the  attention  of  the  Town  Council.  Up  to  the  present 
time  it  has  been  deposited  at  a  suitable  tip,  then  sorted  and  sold  to 
farmers,  the  average  annual  sale  being  about  100Z.  This  is,  how- 
ever, a  decreasing  amount,  owing  to  the  decreasing  value  of  the 
refuse  for  manurial  purposes.  The  Council  have  therefore  under 
their  consideration  the  question  of  the  erection  of  a  "  refuse  destruc- 
tor," and  the  subject  will  probably  be  settled  at  the  next  Council 
meeting. 

Public  Gardens. 

The  public  gardens  in  various  parts  of  the  district  cover  an 
area  of  65  acres.  They  are  simply  unique,  and  in  laying  them 
out  every  advantage  has  been  taken  to  encourage  the  development 
of  their  natural  beauty.  The  Waldon  Hill  Slopes,  overlooking 
the  Princess  Gardens,  and  the  Lincombe  Gardens  command  a 
magnificent  view  of  the  whole  of  Torbay.  Both  are  laid  out  in 
terraces,  rustic  bridges,  paths,  &c,  and  are  well  provided  with 
seats  sheltered  in  sunny  nooks.  The  Torwood  Gardens  in  the 
centre  of  the  town  comprise  a  fine  stretch  of  grass,  with  flower 
beds  well  stocked  with  the  choicest  variety  of  plants.  There  is 
also  a  rustic  fountain  in  the  centre  of  a  large  lake  which  is  well 
stocked  with  gold  fish. 

Chapel  Hill  Gardens  are  pleasantly  situated  under  a  rocky 
eminence  (286  feet  above  sea-level),  which  is  surmounted  by  a 
chapel  from  which  it  takes  its  name.  It  is  a  very  prominent  object 
and  a  very  remarkable  building.  It  was  probably  erected  by  the 
monks  of  Tor  Abbey,  but  for  what  purpose  there  is  not  the  slightest 
trace  of  evidence  to  show.  The  grounds  are  allowed  to  retain  their 
natural  rustic  beauty,  and  being  well  provided  with  seats  and 
shelters  it  makes  a  very  popular  and  pleasant  resort.  The 
Meteorological  Observatory  which  will  be  visited  to-day  adjoins  the 
chapel. 

Public  Lighting. 

The  public  lighting  is  under  the  control  of  the  Corporation, 
the  gas  being  obtained  from  a  private  company.  There  are  769 
public  lamps  within  the  borough,  comprising  726  ordinary  street 
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lamps  of  16  candle-power  each,  39  of  30,  2  of  60,  1  of  80,  and  1 
of  150  candle-power.  The  total  consumption  of  gas  for  the  year 
ending  Lady  Day,  1894,  amounted  to  9,132,447  cubic  feet,  the 
gas  being  measured  on  the  average  meter  system  of  one  meter  to 
every  twelve  lamps,  and  is  paid  for  at  the  rate  of  3s.  3d.  per  1000 
cubic  feet. 

Electric  Lighting. 

The  Corporation  has  had  this  subject  under  consideration  off 
and  on  for  several  years,  and  in  1890  obtained  a  provisional  order 
enabling  them  to  lay  down  the  necessary  plant,  and  supply 
electricity  within  the  borough.  The  author  has  made  a  pre- 
liminary report  upon  the  probable  cost  of  an  installation  to 
cover  the  compulsory  area,  and  the  advice  of  an  expert  has  also 
been  called  in.  The  Corporation  has,  however,  not  yet  proceeded 
in  the  matter. 

Infectious  Diseases  Hospital. 

The  "  Sanatorium,"  as  it  is  locally  termed,  is  situate  on  the 
Newton  road,  about  1J  miles  from  the  town.  It  was  erected  by 
the  Local  Board  in  1882,  and  provides  accommodation  for  14 
patients,  7  male  and  7  female.  There  is  also  a  temporary 
building  adjoining,  designed  and  erected  under  the  supervision  of 
the  author,  which  also  provides  accommodation  for  14  patients, 
7  male  and  7  female.  Behind  the  main  building  are  disinfecting 
houses,  the  laundry,  wash-house,  &c.  The  permanent  buildings 
are  of  red  brick,  roofed  with  slate,  and  are  ventilated  by  means  of 
Tobin's  tubes,  and  at  the  top  of  each  ward  is  fixed  one  of  Boyle's 
exhaust  ventilators. 

Work  in  the  Mechanical  Department. 

The  Corporation  employ  their  own  wheelwrights,  carpenters, 
blacksmiths,  plumbers,  gasfitters,  painters  and  glaziers.  AH  carts 
(including  water-carts),  wheelbarrows,  road-scrapers,  seats  for 
public  gardens,  are  made  in  the  Council's  own  workshops. 
Specimens  of  the  mechanics'  workmanship  will  be  seen  at  the 
Corporation  depot  this  afternoon. 
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The  Harbour  Engineering  Works. 

The  old,  or  inner,  harbour  occupies  an  area  of  about  eight 
acres.  It  was  commenced  in  1804,  under  the  authority  of  an  Act 
of  Parliament,  44  George  III.,  1803.  The  south  pier  was  first 
erected ;  its  length  is  310  feet  by  30  feet  in  width,  and  is  com- 
posed of  limestone  masonry  throughout,  founded  upon  solid  rock. 
It  was  not,  however,  until  the  year  1866,  additional  facilities  being 
much  needed,  that  the  late  Sir  Laurence  Palk  obtained  a  provi- 
sional order,  under  which  the  present  Haldon,  or  outer  break- 
water, was  constructed.  The  works  were  designed  by  the  late 
Mr.  Margary,  and  constructed  in  1867  by  Mr.  James  Mountstephen, 
who  subsequently,  for  many  years,  sat  as  a  member  of  the  Local 
Board.  The  breakwater  is  800  feet  in  length  by  47  feet  in  width, 
constructed  of  blocks  of  concrete,  varying  in  weight  from  6  to 
18  tons,  formed  of  Portland  cement,  broken  stone  and  sand ;  they 
are  made  in  the  proportion  of  1  of  cement,  2  of  sand  and  4  of 
broken  stone.  The  work  was  completed  in  1870,  and  cost  51,600?. 
Adjoining  this  pier  are  the  Baths  (originally  erected  by  a  private 
company,  subsequently  purchased  and  enlarged  by  Sir  Laurence 
Palk,  and  finally  purchased,  along  with  the  harbour  property,  by 
the  Local  Board).  The  cost  of  their  erection,  including  the  stores 
and  buildings,  amounted  to  19,298Z.  The  total  liability  for  the 
two  works  was  70,900Z. 

Swimming  Baths. 

In  1890-91  the  local  authority,  being  desirous  of  erecting 
swimming  baths,  instructed  the  author  to  prepare  plans  for  the 
erection  of  same.  Several  schemes  were  prepared,  and  the  site 
adjoining  the  existing  baths  was  selected.  The  Baths  and  Wash- 
houses  Act,  however,  not  having  been  adopted  in  the  borough,  the 
Local  Government  Board  stated  they  had  no  power  to  sanction 
the  loan  of  4000Z.  for  their  erection  ;  the  scheme  therefore  stands 
over  for  the  present.  The  complete  set  of  plans,  is,  however, 
open  for  the  inspection  of  those  present. 

The  Princess  Pier,  Quay  Wall,  etc. 

These  works  were  originally  designed  by  my  predecessor, 
Mr.  Joseph  Hall,  who,  on  leaving  to  take  up  his  appointment  as 
borough  engineer  at  Cheltenham,  was  succeeded  by  Mr.  J.  C.  Inglis 
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(now  chief  engineer  to  the  Great  Western  Eailway  Company),  as 
resident  engineer,  the  engineer-in-chief  being  Mr.  James  Abernethy. 

The  Princess  Pier,  or,  as  it  is  locally  known,  the  "  Groyne," 
has  a  total  length  of  1590  feet,  with  inner  and  outer  arms 
respectively  940  feet  and  650  feet  in  length,  and  encloses  an  area 
of  30  acres  of  water.  The  inner  arm,  which  runs  out  in  a  south- 
westerly direction,  is  21  feet  6  inches  thick  at  its  base  and  15  feet 
6  inches  thick  on  the  top.  The  outer  arm,  running  in  a  south- 
easterly direction,  is  28  feet  thick  at  its  base  and  20  feet  thick  on 
the  top.  The  level  of  the  inner  arm  is  6  feet  3  inches,  and  the 
outer  arm  7  feet  1  inch  above  high- water  mark.  The  foundations, 
which  rest  upon  the  hard  bottom  throughout,  are  an  average  depth 
of  15  feet  below  the  sand  level  for  the  outer  arm,  and  10  feet  below 
for  the  inner  arm. 

The  Quay  Wall  (behind  which  are  the  Princess  Gardens, 
designed  by  the  author)  is  1022  feet  long,  the  face  being  formed 
to  a  batter  of  one  in  twelve,  the  top  of  which  is  7  feet  1  inch  above 
high-water  mark.  It  is  founded  upon  shaly  sandstone,  and  is 
carried  down  to  an  average  depth  of  7  feet  6  inches  below  the  sand 
level.  The  thickness  of  the  wall  at  its  base  is  8  feet  6  inches, 
finishing  3  feet  6  inches  thick  on  the  top.  The  wall  is  backed 
up  with  hand-packed  limestone  rubble,  17  feet  thick  at  its  basee 
The  whole  of  the  excavation  for  the  works  was  carried  out  by 
means  of  a  Priestman  B  grab  dredger  belonging  to  the  Corpora- 
tion. The  total  amount  of  excavated  material  lifted  from  the 
foundations  was  40,025  tons,  the  cost  on  an  average  amounting 
to  about  9d.  per  ton.  During  the  early  part  of  the  work  the 
excavated  material  was  deposited  in  the  sea  some  distance  away, 
until  the  quay  wall  was  sufficiently  far  advanced,  when  the  whole 
of  it  was  deposited  behind  same  for  filling  purposes.  The  con- 
struction of  the  pier  and  quay  was  in  sections  of  15^  feet.  Piles 
fitted  with  angle  irons  on  each  side  were  driven  into  position  for 
each  section,  then  shutters  lined  with  jute  canvas  slid  down 
between  the  angle  irons  to  the  bottom,  the  whole  forming  an 
enclosed  box ;  concrete  was  then  deposited  in  situ  by  means  of 
skips  holding  one  cubic  yard  each,  automatically  discharging 
themselves.  The  concrete  throughout  the  whole  of  the  work 
was  mixed  in  two  "  Messent "  patent  concrete  mixers,  driven  by 
an  8  horse-power  steam  engine,  each  capable  of  mixing  half  a 
cubic  yard  at  one  time.  The  average  daily  output,  when  in  full 
work,  was  about  100  yards.    The  cement  used  was  of  the  best 
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quality,  specified  to  weigh  not  less  than  112  lbs.  per  striked  bushel, 
and  not  to  leave  a  greater  residue  than  10  per  cent,  through  a 
sieve  of  2500  holes.  Test  bricks  placed  in  water  24  hours  after 
gauging  had  to  stand,  seven  days  after  gauging,  a  tensile  strain  of 
350  lbs.  per  square  inch  of  section.  The  cement  was  not  allowed 
to  be  used  until  it  had  been  stored  in  bulk  four  weeks  in  a  properly 
constructed  shed.  The  concrete  consisted  of  local  limestone 
throughout,  broken  to  pass  a  2J-ineh  ring,  and  was  mixed  in  the 
proportion  of  1  of  cement,  2  of  sand,  and  5  of  broken  stone, 
the  proportion  of  water  being  22  gallons  per  cubic  yard.  Above 
low  water  mark  masses  of  stone,  varying  from  5  cwt.  to  15  cwt., 
were  introduced  in  the  work.  The  sand  used  was  from  the  rivers 
Exe  and  Dart.  The  following  statistics  of  materials  used  will  be 
interesting  as  illustrating  the  magnitude  of  the  works : — 

40,025  tons  of  excavated  material  from  foundations. 
44,948  tons  of  broken  stone. 

9347  tons  of  masses  of  stone  (plumb). 

9071  tons  of  Portland  cement. 
22,274  cubic  yards  of  sand. 
27,625  tons  of  rubble  filling. 
12,002  tons  of  rubble  backing  to  quay  wall. 

The  total  cost  of  the  works  has  been  56,030Z.  The  contractors 
were  Messrs.  John  Cochrane  &  Sons,  of  5  Victoria  Street,  West- 
minster, and  the  Clerk  of  Works  Mr.  Alexander  Buchan,  of 
Aberdeen. 

Princess  Gardens. 

These  gardens  (designed  by  the  author)  occupy  that  portion 
which  has  been  reclaimed  from  the  sea  by  the  erection  of  the 
before  mentioned  quay  wall,  and  cover  an  area  of  about  3  acres. 
As  the  construction  of  this  wall  proceeded  the  space  between  it 
and  the  original  roadway  was  filled  with  sand  removed  from  the 
foundations  of  the  works,  ballast,  &c,  from  the  quarries,  builders' 
rubbish,  &c,  and  after  this  had  become  consolidated,  the  surface 
between  the  promenade  and  the  roadway  was  dressed  with  a 
good  bed  of  soil.  A  promenade,  30  feet  in  width,  has  been  con- 
structed immediately  behind  the  quay  wall,  with  footpaths  inter- 
secting the  grounds.  The  surface  of  the  filling  under  the  pro- 
menade was  formed  of  a  layer  of  2  feet  of  hand-packed  stone  on 
which  was  placed  a  bed  of  broken  limestone,  12  inches  thick, 
finished  on  the  top  with  6  inches  of  crushed  limestone  well  rolled. 
The  following  statistics  of  materials  used  in  the  filling  of  the 
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reclaimed  grounds  and  the  formation  of  the  gardens  will  prove 
interesting. 

55,908  tons  of  sand  from  foundations  of  Groyne  and  dredgings  from 

old  harbour  by  the  Corporation  dredger. 
73,000  tons  of  sand  dredged  from  the  new  harbour  area  by  contract. 
25,284  tons  of  ballast  and  filling  from  quarries. 
14,057  loads  of  builders'  rubbish,  &c,  deposited. 
1803  tons  of  broken  limestone. 
979  tons  of  crushed  gravel. 
2774  loads  of  soil. 

The  total  cost  of  the  reclamation,  filling  and  laying  out*  has 
been  4290Z. 

The  Torbay  Eoad,  Royal  Terrace  Gardens,  etc. 

Prior  to  1840,  the  popular  promenade  known  as  the  Torbay 
Eoad  did  not  exist,  the  only  communication  between  Torquay  and 
Paignton  being  by  a  circuitous  route  through  the  Meadow  (now 
Fleet  Street),  the  Orchard  (now  Abbey  Eoad),  past  Tor  Church- 
yard and  down  Mill  Lane,  and  along  a  narrow  lane  to  the  present 
entrance  to  Torquay  Station  (the  old  hollow  elm  tree  denoting  this 
spot  having  recently  been  blown  down,  it  was  secured  by  the 
author  and  placed  on  the  Terrace  Gardens  as  a  memento  of  the 
olden  days).  The  construction  of  the  road  was  considered  a  great 
undertaking  at  the  time,  but  the  growing  requirements  of  Torquay 
rendered  it  necessary.  The  first  sea  wall  in  front  of  Tor 
Abbey,  which  was  farther  out  than  the  present  one,  was  destroyed  ; 
a  second  was  built  in  1824,  but  it  was  not  until  the  year  1838 
that  the  road  upon  which  the  Eoyal  Terrace  Gardens  now  stand 
was  continued  round  the  foot  of  the  cliff.  It  had  no  line  of  any 
symmetry,  but  was  allowed  to  follow  the  irregular  toe  of  the 
cliff  and  varied  in  width  from  25  feet  down  to  14  feet  6  inches 
in  its  narrowest  part.  The  sea  wall  supporting  it  was  principally 
composed  of  large  masses  of  rock  detached  from  the  face  of  the 
cliff,  and  rolled  into  a  convenient  position.  Only  a  short  length 
of  this  wall  is  now  visible,  but  it  affords  a  good  example  of  hand- 
packed  work.  .From  White's  6  History  of  Torquay,'  published  in 
1878,  we  are  told  that  the  total  indebtedness  of  the  "  Turnpike 
Trusts"  for  the  construction  of  the  works  amounted  to  13,0007. 
Up  to  the  year  1891,  this  narrow  road  formed  the  principal 
approach  to  the  town. 

Previous  to  this  date,  however,  many  plans  were  considered  for 
its  improvement,  but  it  was  not  until  the  September  of  that  year 
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when  the  reclamation  of  the  land  and  the  new  harbour  works 
was  sufficiently  far  advanced,  that  the  author  received  instruc- 
tions to  prepare  a  scheme  for  effecting  the  much-desired 
improvement.  This  design  as  now  completed  received  the 
unanimous  approval  of  the  then  Local  Board.  The  works  com- 
prised the  construction  of  the  new  carriage-way  of  a  uniform 
width  of  32  feet,  with  a  footway  12  feet  in  width  on  one  side. 
On  the  opposite  side,  and  occupying  the  site  of  the  old  road,  the 
Royal  Terrace  Gardens  were  formed.  As  their  name  implies,  they 
are  in  the  form  of  a  raised  terrace  at  a  height  of  8  feet  above  the 
roadway,  the  filling  being  supported  by  rockwork,  with  grass 
slopes  and  a  promenade  12  feet  in  width  throughout.  The  work 
also  included  the  construction  of  a  length  of  480  feet  of  curved 
sea  wall  outside  the  line  of  the  old  wall  This  wall  was  of  con- 
crete, founded  upon  the  limestone  rock,  of  an  average  thickness  of 
8  feet  6  inches  at  its  base,  finishing  3  feet  at  the  under  side  of  the 
footpath.  Nearly  the  whole  of  the  space  upon  which  the  new 
road  is  formed  has  been  reclaimed  from  the  sea.  The  work  was 
fraught  with  difficulties.  Vehicular  and  foot  passenger  traffic  to 
and  from  the  railway  station  had  to  be  kept  open ;  the  Terrace 
Gardens  were  in  course  of  construction  on  one  side,  on  the  other 
the  new  harbour  works,  with  the  necessary  machinery  and  plant, 
&c,  occupied  a  large  area ;  in  the  centre  the  formation  of  the  new 
road,  with  its  kerbing,  channelling,  surface  drainage,  gas  and  water 
services,  construction  of  gullies,  the  erection  of  the  curved  sea  wall, 
&c. ;  but  it  is  gratifying  to  relate  that  not  one  single  accident 
occurred  from  the  commencement  of  the  work  until  its  completion, 
which  took  place  on  2nd  August  of  last  year.  The  total  cost 
of  the  work,  including  the  curved  sea  wall,  amounted  to  2510Z. 
The  quantities  of  materials  (omitting  sea  wall)  are  as  follows  : — 

2580  tons  of  ballast  for  filling. 
539  tons  of  sand  from  the  harbour. 
937  tons  of  broken  limestone. 
460  tons  of  crushed  gravel. 
355  loads  of  soil. 

The  contractors  for  the  curved  sea  wall  were  Messrs.  W.  Hill  & 
Co.,  of  Plymouth  and  Gosport,  the  remainder  of  the  work  being 
carried  out  by  the  Corporation  workmen. 

Beacon  Quay  Extension  and  South  Pier  Widening. 

These  works  are  now  in  progress,  and  will  be  visited  to-day. 

The  Beacon  Quay  extension  consists  of  the  widening  of  the 
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existing  wharf  for  a  length  of  490  feet,  and  of  a  width  varying 
from  70  feet  to  25  feet,  and  is  constructed  partly  by  means 
of  piles  driven  into  the  sea  bed,  cross-braced  and  strutted 
and  decked  over  with  timber  decking,  and  partly  by  a  solid 
concrete  wall  with  filling  behind.  The  latter  provision  was 
unavoidable,  as  rocks  having  been  found  close  to  the  surface,  it 
was  impossible  to  drive  piles.  The  length  of  the  wall  is  161  feet, 
of  a  thickness  of  8  feet  6  inches  at  its  base,  finishing  3  feet  thick 
on  the  top.  It  is  founded  upon  solid  work,  and  encloses  an  area 
of  4510  feet  super,  which  partly  forms  the  site  for  a  new  substan- 
tial corrugated  iron  building  for  general  goods  purposes,  100  feet 
long  by  50  feet  wide,  and  supported  by  cast-iron  columns.  The 
South  Pier  widening  is  of  a  uniform  width  of  16^  feet  for  its 
entire  length  of  310  feet,  and  is  of  timber  throughout.  The 
cement  used  in  the  construction  of  the  wall  is  of  the  best  manu- 
facture, and  must  stand  a  tensile  strain  of  350  lbs.  on  a  square 
inch  of  section,  and  must  leave  a  residue  of  not  more  than  35  per 
cent,  on  a  sieve  of  30,000  meshes  per  square  inch. 

All  the  timber  throughout  the  work  is  of  creosoted  Memel,  the 
piles  being  14  inches  square,  sheathed  with  No.  24  B.W.G.  copper, 
fastened  with  copper  nails  3-inch  pitch;  the  walings,  struts  and 
bearers  are  10  inches  by  10  inches,  the  crossheads  12  inches  by 
6  inches,  the  joists  9  inches  by  6  inches,  and  the  deck  planking 
9  inches  by  6  inches.  The  front  row  of  piles  are  to  be  faced  with 
American  elm  rubbing  pieces.  The  contract  sum  for  the  erection 
of  these  works  is  7637Z.  They  were  designed  by  the  author,  and 
are  now  being  carried  out  under  his  supervision.  The  contractors 
are  Messrs.  Dixon  Bros,  of  Swansea. 

Fish  Quay  Extension,  New  Stores  and  Buildings. 

These  are  two  separate  works,  situate  on  the  North  or  Fish 
Quay,  and  comprise  the  widening  of  the  said  quay  by  the  construc- 
tion of  a  concrete  sea  wall,  290  feet  in  length,  of  a  thickness  of 
8  feet  at  its  base,  terminating  3  feet  thick  at  the  top.  Two  flights 
of  granite  steps  with  landings  are  provided.  The  width  at  the 
head  of  the  quay  is  95  feet.  It  covers  an  area  of  9025  superficial 
feet.  The  specification  for  the  concrete  is  the  same  as  that  of  the 
Beacon  Quay. 

The  stores  and  buildings  comprise  eight  stores,  100  feet  long 
by  16  feet  wide  each  and  14  feet  high  in  front,  and  having  storage 
capacity  for  nearly  4000  tons  of  coal. 
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Six  commodious  offices  with  lavatory  accommodation  are  pro- 
vided, and  for  the  accommodation  of  the  fishing  industry  there  are 
8  large  fish  stores,  each  20  feet  by  10  feet,  with  urinals,  w.c.'s, 
backing  furnace,  troughs,  &c,  and  a  fishermen's  rest  and  shelter. 
The  whole  buildings  are  faced  with  hammer-dressed  limestone 
random  uncoursed  masonry,  with  white  brick  dressings,  the  divi- 
sion walls  being  of  random  rubble  masonry ;  the  whole  set  in 
hydraulic  lime  mortar,  made  in  the  proportion  of  one  of  hydraulic 
lias  lime  and  two  of  Exe  or  Dart  sand.  The  roof  throughout  is  of 
timber  covered  with  No.  15  V.M.  zinc,  with  all  proper  drips,  &c. 
The  back  walls  facing  the  Princess  Gardens  are  to  be  hidden  by  a 
terrace  of  rockery  and  shrubs,  so  that  little  if  any  of  the  buildings 
will  be  observed  from  the  gardens.  These  works  were  also  designed 
by  the  author,  and  are  being  carried  out  under  his  supervision,  the 
contract  sums  for  the  two  amounting  to  5297Z.  The  contractor  is 
Mr.  George  Shellabear  of  Plymouth. 

The  Promenade  Pier. 

The  erection  of  the  promenade  pier  and  landing  stage  for 
passenger  steamers  will  commence  in  the  course  of  a  few  weeks. 
It  consists  of  an  iron  and  timber  superstructure  on  the  inner  arm 
only  of  the  Prince's  Pier  or  Groyne.  The  works  to  be  erected 
are,  the  widening  of  the  existing  Groyne  by  means  of  one  row  of 
cast-iron  screw  piles,  screwed  into  the  bed  of  the  sea  on  the  western 
side  of  the  Groyne  ;  the  deck  of  a  width  of  30  feet  being  supported 
by  means  of  three  rows  of  lattice  girders,  two  rows  of  which  will 
rest  upon  short  piles  on  the  Groyne  and  the  third  row  on  the 
screw  piles  before  mentioned.  The  head  of  the  pier  for  a  length 
of  140  feet  is  to  be  widened  out  to  a  width  of  56  feet,  the  centre 
portion  being  raised,  upon  which  will  be  erected  a  band  stand, 
shelters,  wind  screens,  &c. ;  outside  the  widened  head  a  timber 
pile  landing  stage  will  be  provided,  with  all  necessary  approaches, 
&c,  for  the  accommodation  of  steamboats.  The  works  were 
designed  by  the  author,  and  will  be  carried  out  under  his  imme- 
diate supervision.  The  contract,  drawings  and  specifications  are 
open  for  the  inspection  of  those  present,  but  it  is  considered  unde- 
sirable to  mention  the  estimated  cost,  as  the  invitations  for  tenders 
are  only  published  this  week.* 

*  Since  the  reading  of  this  paper  the  tender  of  Mr.  Alfred  Thorne,  of  Victoria 
Street,  London,  has  been  accepted  in  the  sum  of  997R 
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DISCUSSION. 

Mr,  E.  Godfrey:  I  beg  to  propose  a  vote  of  thanks  to 
Mr.  Garrett  for  his  paper,  and  I  may  say  in  reading  it  through  I 
have  been  struck  with  the  admirable  and  concise  manner  in  which 
all  the  information  has  been  put  before  us.  The  paper  will  form  a 
very  valuable  feature  of  our  next  volume  of  proceedings.  The 
point  which  strikes  me  most  in  the  paper  is  the  question  of  sewer 
ventilation.  I  have  fought  this  question  and  am  fighting  it  now. 
I  must  congratulate  the  Corporation  of  Torquay  upon  the  manner 
in  which  they  have  grappled  with  it.  I  have  always  contended 
that  the  syphon  trap  insisted  upon  by  the  Local  Government 
Board  is  a  failure.  Every  house  contributes  to  the  sewage ;  every 
house  should  contribute  to  the  ventilation  of  the  sewers.  The 
system  adopted  in  Torquay  of  fixing  a  separate  ventilation  pipe  on 
the  sewer  side  of  the  syphon  trap  is  a  very  great  advance  on 
anything  we  have  seen  anywhere  else  in  the  country.  I  feel  sure 
the  fact  that  there  are  2000  of  these  ventilating  shafts  fixed 
in  Torquay  has  much  to  do  with  the  good  health  of  the  town. 
The  vile  system  of  ventilating  sewers  under  the  noses  of  the  people 
is  a  foul  relic  of  the  past.  I  shall  never  give  up  my  contention 
that  the  system  adopted  here  is  the  correct  method  of  dealing  with 
sewer  ventilation.  Let  every  house  contribute  its  fair  share  to  the 
ventilation  of  the  sewers  and  you  will  have  no  more  complaints. 
The  nearest  approach  I  know  to  Torquay  is  Scarborough,  where  they 
have  200  of  these  ventilating  shafts  fixed.  You  have  ten  times  as 
many  as  Scarborough  and  ought  to  be  ten  times  as  healthy.  I 
was  very  much  struck  by  the  large  amount  of  money  expended 
by  the  Corporation  of  Torquay  on  public  works.  I  have  been 
calculating  the  amount,  and  I  find  it  totals  up  to  over  200,OOOZ. 
For  the  governing  body  of  a  town  with  a  population  of  28,000 
to  spend  such  an  enormous  sum  in  beautifying  the  place  shows  a 
spirit  of  progression  rarely  met  with.  I  hope  the  return  in 
increased  prosperity  will  be  commensurate  with  the  expectations  of 
those  who  have  shown  such  a  desire  to  move  with  the  times. 

Mr.  J.  Hall  :  I  have  much  pleasure  in  seconding  the  vote  of 
thanks  to  Mr.  Garrett  for  his  paper,  and  can  confirm  everything 
which  Mr.  Godfrey  has  said  with  regard  to  sewer  ventilation.  I 
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have  advocated  this  system  of  sewer  ventilation  for  years,  and  have 
tried  to  persuade  the  Local  Government  Board  to  allow  it  to  be 
introduced  into  Cheltenham,  but  without  success.  There  is  one 
point  which,  to  my  mind,  is  of  more  value  than  any  other.  1  have 
spoken  to  Dr.  Karkeek,  the  medical  officer,  as  to  the  returns  of 
sickness  from  houses  where  these  shafts  are  fixed ;  and  it  is  a  fact 
that  there  is  no  case  recorded  of  enteric  fever  or  diphtheria  in  any 
house  where  there  is  one  of  these  shafts  fixed.  There  are  cases 
recorded  in  houses  without  the  ventilating  shafts,  but  never  in 
houses  fitted  with  a  shaft.  I  do  not  think  you  will  find  a  parallel 
for  that  in  any  other  town  in  England,  nor  can  such  a  success  be 
proved  for  any  other  system.  As  I  have  said,  the  Local  Govern- 
ment Board  would  not  entertain  my  application  at  Cheltenham, 
and  here  we  were  thrown  upon  our  own  resources ;  but  with  the 
help  of  the  local  architects,  and  especially  of  Mr.  Appleton,  who 
has  given  us  valuable  assistance,  we  were  able  to  carry  it  out  in 
practically  all  cases.  With  regard  to  the  fish  quay  improvement, 
it  is  a  matter  for  regret  that  white  bricks  are  to  be  used  for  the 
stores  instead  of  stone;  it  seems  a  pity  to  spoil  the  ship  for  a 
ha'porth  of  tar. 

Mr.  T.  De  Courcy  Meade  :  The  remarks  of  the  proposer  and 
seconder  of  the  vote  of  thanks  to  Mr.  Garrett  with  respect  to 
sewer  ventilation  have  much  interested  me.  I  think  Mr.  Garrett  is 
to  be  congratulated  upon  the  course  he  has  adopted  in  Torquay  for 
ventilating  the  sewers  by  means  of  pipes  carried  up  the  houses. 
But  Mr.  Garrett  has  not  gone  to  the  extent  of  ventilating  the 
common  sewers  through  the  house  drains,  and  so  exposing  the 
residents,  if  anything  goes  wrong  with  the  sanitary  fittings,  to  the 
poisonous  effects  of  sewer  gas.  In  districts  like  Torquay  where 
they  have  plenty  of  fresh  air,  the  sewer  gases  are  not  so  noticeable, 
but  they  are  quite  as  harmful.  In  London  the  sewer  gases  are  of 
such  a  character  that  the  men  cannot  in  some  cases  enter  the 
sewers  in  safety.  Within  the  last  month  or  six  weeks  there  have 
been  two  fatal  cases  to  men  entering  the  sewers.  Some  people 
think  because  the  house  drains  contribute  to  sewer  gas  they  should 
assist  the  public  authorities  in  carrying  them  off.  I  venture  to 
say  that  that  is  not  right.  The  public  look  to  the  Authority  for 
protection  from  sewer  gases  ;  these  gases  come  from  various 
sources.  In  residential  localities  like  Torquay  they  come  from 
domestic  sewers.  In  some  other  places  they  come  largely  from 
manufactories.    The  residuum  of  some  manufactories  is  so  offen- 
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sive  that  to  allow  the  gases  from  them  to  play  about  the  outer 
part  of  the  trap,  with  only  an  inch  water  seal  for  protection,  is  to 
my  mind  going  back  to  a  remote  age  in  sanitation.  Mr.  Garrett 
has  taken  one  of  the  best  courses  I  know  in  utilising  these  traps 
and  cutting  off  the  sewer  gases  from  the  houses '  system,  by  placing 
the  ventilating  shaft  on  the  sewer  side  of  the  disconnecting  traps. 
In  doing  that  he  ventilates  that  part  of  the  drain  which  is  gene- 
rally left  unventilated,  the  length  from  the  trap  to  the  sewer.  I 
say  this  because  I  think  in  Cheltenham  Mr.  Hall  would  hardly 
venture  to  advocate  doing  away  with  traps.  (Mr.  Hall :  No,  I 
would  rather  increase  them).  The  amount  of  work  done  in 
Torquay  is  not  only  a  credit  to  Mr.  Garrett  and  to  Mr.  Hall,  his 
predecessor,  but  to  the  enterprise  of  the  Corporation.  I  have  no 
doubt  that  when  the  contemplated  improvements  are  completed, 
Torquay  will  be  one  of  the  most  prosperous  watering-places  in  the 
West  of  England. 

Mr.  Collins  :  I  should  like  to  know  the  available  width  for 
navigation  between  the  two  piers  at  the  harbour  mouth.  I  should 
also  like  to  know  from  Mr.  Garrett  if  there  is  sufficient  rebound  to 
interfere  with  the  use  of  the  harbour  by  shipping,  pleasure  craft, 
&c,  in  consequence  of  the  walls  being  vertical  all  round.  Does 
he  find  that  ships,  yachts,  &c,  can  approach  the  harbour  with- 
out difficulty  when  there  is  a  strong  wind  from  the  south  or 
south-east  and  a  considerable  sea  abeam  ;  also  whether  he  thinks 
the  southern  pier  should  be  extended  ?  I  think  this  information 
might  be  useful  to  any  of  our  Members  who  have  to  carry  out 
harbour  works. 

Mr.  Barber  (Islington)  :  I  feel  I  must  contribute  my  portion 
of  thanks  to  Mr.  Garrett  for  the  able  and  comprehensive  paper 
with  respect  to  the  works  of  Torquay.  I  must  also  say  that, 
having  had  an  opportunity  of  examining  the  drawings,  I  admire 
the  careful  way  in  which  Mr.  Garrett  has  looked  into  the  details  of 
the  construction  of  the  various  works.  Very  frequently  persons 
find  it  convenient  to  leave  points  of  construction  and  detail  to  be 
thought  out  and  dealt  with  by  the  contractor.  I  compliment  Mr. 
Garrett  on  engineering  his  work  ;  in  the  plans  we  have  seen  every 
point  of  construction  has  been  most  carefully  thought  out  and 
dealt  with.  I  think  as  professional  men  we  may  tell  the  Corpora- 
tion of  Torquay  that  is  a  point  in  which  we  admire  the  skill  of 
their  Borough  Surveyor.  We  do  not  come  here  to  pay  com- 
pliments but  to  criticise;  I  am  criticising  now,  and  can  con- 
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scientiously  compliment  Mr.  Garrett  upon  the  carefully  thought 
out  details  which  we  have  before  us  to-day.  I  see  that  you  have 
here  the  same  difficulty  with  regard  to  sewer  ventilation  that  we 
experience  in  most  towns.  I  quite  agree  with  Mr.  Meade  as  to 
the  use  of  intercepting  traps,  and  cannot  agree  at  all  with  those 
who  would  ventilate  the  public  sewer  through  the  house  drain. 
In  my  own  district  I  endeavour  to  make  the  air  which  issues  from 
the  pipes  as  inoffensive  as  possible.  I  have  a  chamber  at  the 
foot  of  each  shaft,  in  many  of  which  is  placed  either  carbolic 
acid,  chloride  of  lime  or  sulphurous  acid  ;  and  these  chambers  are 
periodically  attended  to  so  as  to  make  the  smells  from  our  sewers 
as  inoffensive  as  possible.  I  do  not  think  it  is  right  to  discharge 
these  foul  smells  at  the  tops  of  the  houses  ;  but  I  think  we  should 
do  all  we  can  to  render  them  as  inoffensive  as  possible.  I  should 
like  to  ask  Mr.  Garrett  who  is  responsible  for  the  maintenance  of 
these  shafts  which  are  carried  up  the  buildings  ?  If  the  owner 
of  the  building  is  responsible,  I  can  see  there  may  be  a  good  deal  of 
danger  attaching  to  the  system.  He  may  have  a  cracked  pipe, 
and  the  person  who  repairs  it  may  leave  the  pipe  in  such  a  condi- 
tion as  to  ventilate  the  sewer  into  the  house.  If  the  Local 
Authority  is  responsible  for  the  maintenance,  the  system  is 
perfectly  safe,  because  the  Local  Authority  will  have  the  power  to 
enter  the  premises  and  see  that  the  pipes  are  maintained  in  a 
perfectly  safe  condition.  While  on  the  subject  of  sewer  ventila- 
tion, I  must  say  I  cannot  agree  with  the  reasoning  of  Mr.  Godfrey, 
that  because  the  houses  contribute  to  the  volume  of  sewage  in  the 
sewers  ergo  they  should  assist  in  ventilating  the  sewers.  As  a 
matter  of  fact  the  volume  of  sewage  from  a  house  smells  a  very 
little ;  the  foul  smell  comes  mostly  from  the  public  sewers.  So 
long  as  we  go  on  constructing  the  sewers  of  porous  bricks,  so  long 
shall  we  perpetuate  the  nuisance  of  smells  from  the  sewers.  We 
have  got  a  little  in  advance  by  making  the  inverts  of  blue  bricks, 
and  the  day  will  come — not  in  our  time,  perhaps — when  brick 
sewers  will  be  constructed  of  impervious  and  glazed  bricks,  with 
as  much  care  as  we  use  when  pipe  sewers  are  made.  We  shall 
then  almost  say  good-bye  to  foul  smells,  because  when  our 
sewers  are  properly  constructed  we  shall  get  our  sewage  to  the 
outfall  before  it  has  time  to  stagnate.  I  should  like  to  say  one 
word  with  regard  to  the  wall  in  connection  with  the  Torbay 
scheme.  I  should  like  to  know  what  the  foundation  is  on 
which  the  wall  rests.    If  it  is  sand  it  appears  to  me  the  wall 
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is  not  taken  very  far  down,  and  I  should  like  to  know  what  pres- 
sure per  square  foot  there  is  on  the  sand,  if  it  is  sand.  I  presume, 
as  the  wall  does  not  go  very  far  in,  the  foundation  must  be  very 
hard. 

Mr.  Lowe  :  There  is  one  very  important  question  I  should  like 
to  ask  Mr.  Garrett,  and  that  is  whether  he  has  had  any  complaints, 
from  residents  living  on  the  higher  levels  of  the  town,  of  smells 
arising  from  the  lower  level  ventilators.  I  have  fixed  these  pipes 
in  Hampstead,  and  I  find  they  have  caused  a  nuisance  in  some 
cases  to  residents  in  the  higher  parts  of  the  district.  I  quite 
agree  with  Mr.  Meade  that  intercepting  traps  cannot  be  done  away 
with  ;  but  I  think  they  may  be  much  improved  by  proper  flushing 
arrangements.  During  the  night  these  traps  are  nothing  better 
than  small  cesspools,  giving  off  offensive  odours,  and  when  they 
are  flushed  in  the  morning  by  means  of  the  bath  discharge  or  other 
water  going  down,  the  smell  is  forced  out  at  the  nearest  ventilator. 
I  think  we  ought  not  only  to  have  the  syphon  traps  but  some 
means  of  automatic  flushing,  so  as  to  secure  the  proper  cleansing  of 
the  traps  at  frequent  intervals  night  and  day. 

Mr.  A.  T.  Davis  :  With  a  view  to  improving  the  paper  very 
slightly,  I  hope  Mr.  Garrett  will  be  good  enough  to  give  us  the 
cost  of  the  tar  macadam.  I  believe  the  cost  has  been  given  by 
Mr.  Garrett's  predecessor,  Mr.  Hall,  but  I  think  each  paper  should 
be  complete  in  itself.  Mr.  Garrett  has  been  good  enough  to  give 
us  the  cost  of  most  of  the  works  in  the  paper.  It  would  also  be 
well  if  he  would  give  us  some  further  details  as  to  the  flushing  of 
the  sewers,  and  tell  us  if  there  is  any  objection  in  Torquay  to  the 
use  of  automatic  flushers.  I  am  a  great  advocate  of  automatic 
flushing  tanks. 

Mr.  Marston  :  I  should  like  to  ask  whether  the  sewer  ventilating 
pipes  are  insisted  upon  in  the  case  of  all  new  buildings,  or  only 
those  built  up  to  the  street  line.  If  they  are  insisted  upon  with 
houses  which  are  set  back  from  the  street  line,  are  they  fixed  upon 
the  houses  themselves  or  at  the  entrance  to  the  premises  from  ihe 
public  road  ? 

Mr.  Corduroy  (Plymouth) :  I  should  like  to  ask  if  the  whole  of 
the  cost  of  dredging  the  55,908  tons  and  the  73,000  tons  of  sand 
is  included  in  the  429  0Z.  given  as  the  total  cost  of  the  reclamation, 
filling  and  laying  out  of  the  Princess  Gardens.  If  so  the  work  has 
been  done  remarkably  cheaply. 
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Mr.  .Read:  I  join  in  congratulating  Mr.  Garrett  upon  the 
excellent  paper  and  plans  which  he  has  prepared.  I  am  appa- 
rently in  a  minority  with  regard  to  the  question  of  sewer  ventilation. 
I  must,  however,  congratulate  Mr.  Garrett  upon  having  these 
ventilating  shafts  on  the  sewer  side  of  the  intercepting  trap.  I 
also  strongly  hold  that  the  public  sewers  should  be  perfect  ;  if  they 
are  not  so,  the  ventilation  must  not  be  blamed  for  the  defects  of  the 
sewers.  Public  sewers  at  their  best  are  what  the  house  drains 
make  them.  The  house  drains  are  much  more  numerous  and 
lengthy  than  the  sewers  ;  in  most  towns  they  are  four  or  five 
times  the  length  of  the  sewers.  The  majority  of  the  sewers  are 
constructed  with  glazed  pipes  ;  the  minority  are  of  bricks.  I  agree 
that  the  latter  should  be  made  of  impervious  bricks  and  not  of 
bricks  which  absorb  sewage.  It  must  be  remembered  that  inter- 
cepting traps  use  3  inches  of  the  fall  of  the  drain,  an  amount  which 
can  very  rarely  be  spared.  The  recent  experiments  of  the  Sanitary 
Institute  with  regard  to  flushing,  show  that  the  intercepting  trap 
was  responsible  for  retaining  from  21  to  36  per  cent,  of  the  solid 
matter,  beside  leaving  some  solid  matter  in  the  straight  part  of  the 
drain,  although  it  was  laid  with  a  fall  of  1  in  40.  If  that  happens 
in  an  intercepting  trap  and  drain  which  is  laid  in  a  laboratory 
manner  above  ground  in  240  discharges  into  that  drain,  specially 
cleaned  after  each  discharge,  what  happens  in  the  thousands  of 
drains  of  less  gradient  laid  under  ground,  where  there  is  no  such 
special  cleaning  between  each  discharge  ?  I  hold  that  these  inter- 
cepting traps  create  the  very  nuisance  they  are  intended  to  prevent, 
because  they  retain  the  sewage  in  the  drain.  You  will  not  have 
dangerous  sewer  gas  with  sewage  which  passes  through  the  sewers 
and  reaches  the  outfall  within  two  hours.  A  flow  of  180  feet  per 
minute  will  discharge  the  sewage  at  the  outfall  in  most  towns 
within  two  hours.  If  you  manufacture  sewer  gas  in  your  sewers  or 
drains  it  must  come  out  somewhere,  and  the  longer  it  is  retained  the 
more  pungent  and  the  more  dangerous  it  will  be.  An  intercepting 
trap  on  a  50-feet  house  drain  creates  as  much  danger  in  the  drain 
itself  as  can  be  created  in  the  sewer.  There  is  no  danger  in 
omitting  the  interceptor.  You  cannot  draw  sewer  gas  from  two  or 
three  miles  off ;  air  will  be  drawn  in  from  the  nearest  opening,  which 
cannot  be  more  than  50  yards  away  and  may  not  be  more  than  20 
yards.  An  intercepting  trap  which  is  placed  on  the  horizontal 
part  of  the  drain  is  in  the  worst  possible  position  for  clearing 
itself. 
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The  President  :  There  is  one  point  you  did  not  make  sufficiently- 
clear.  Given  a  sufficient  fall  for  the  drain  and  the  intercepting 
trap,  what  objection  have  you  to  the  intercepting  trap  when  the 
drain  is  ventilated  on  the  sewer  side  ? 

Mr.  Bead  :  I  think  Mr.  Garrett's  use  of  the  ventilating  shaft 
on  the  sewer  side  of  the  trap  is  the  only  reason  why  it  should  be 
allowed. 

Mr.  T.  De  Courcy  Meade  :  As  I  was  responsible  to  a  certain 
extent  for  the  experiments  of  the  Sanitary  Institute,  I  may  answer 
Mr.  Eead's  objection.  The  experiments  were  not  made  for  testing 
intercepting  traps  ;  they  were  made  for  the  purpose  of  ascertaining 
whether  the  two-gallon  flush  is  sufficient  for  London  water  closets. 
The  London  County  Council  wrote  to  the  Sanitary  Institute  for 
information,  and  in  making  experiments  we  used  the  worst  form 
of  closet,  of  flushing  system  and  of  intercepting  trap.  We  made 
artificial  sewage  with  tow  and  clay.  .The  experiment  answered  the 
purpose  for  which  it  was  intended,  of  testing  the  water  closet  trap, 
but  not  the  intercepting  trap. 

Mr.  Bead  :  It  seems  to  me  it  was  rather  begging  the  question  to 
construct  a  drain  which  was  not  under  ordinary  conditions. 

The  President  :  It  was  not  for  the  purpose  of  the  drain,  it 
was  for  the  closet. 

Mr.  Bead  :  I  say  you  should  not  have  used  a  bad  form  of 
closet. 

Mr.  T.  De  Courcy  Meade  :  I  think  there  should  be  no  mistake 
about  the  experiments.  The  water  from  the  flushing  cistern  used 
was  not  even  sufficient  to  cleanse  the  closet  trap,  much  less  the 
drain. 

Mr.  Radford  :  While  thanking  Mr.  Garrett  for  the  valuable 
paper  he  has  given  to  us  to-day,  I  do  not  think  we  have  any  right 
to  throw  the  ventilation  of  the  sewers  on  private  owners  of 
property.  I  think  when  the  Local  Authority  is  disposing  of  the 
sewage  it  should  also  attend  to  the  ventilation  of  the  sewers. 
I  should  be  very  sorry  to  do  away  with  intercepting  traps  ;  and  I 
think  where  the  end  of  the  drain  is  ventilated  the  drainage  of  the 
house  is  satisfactorily  dealt  with.  No  doubt  the  ventilation  shafts 
without  traps  would  be  beneficial  to  the  sewers,  but  I  doubt  very 
much  whether  they  would  be  beneficial  to  the  residents  of  the 
houses.  I  am  of  opinion  that  these  ventilators  on  the  sewer  side 
of  the  traps  ought  to  be  under  the  control  and  supervision  of  the 
Local  Authority.    1  can  quite  see  a  great  many  troubles  may  be 
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caused  by  these  ventilating  shafts  carried  up  houses  if  they  are  not 
under  proper  supervision.  I  have  known  of  ventilating  shafts 
carried  up  houses  becoming  defective  by  reason  of  settlement  of  the 
building,  and  sewer  gas  has  been  given  off  in  close  proximity  to 
windows,  which  has  been  very  injurious  to  health. 

Mr.  Gloyne  :  I  am  very  pleased  to  bear  my  testimony  to  the 
admirable  manner  in  which  Mr.  Garrett  has  prepared  this  paper. 
I  am  also  personally  glad  that  the  paper  has  given  rise  to  a 
discussion  on  intercepting  traps,  because  it  will  strengthen  my 
hands  in  dealing  with  this  matter  at  Eastbourne.  I  should  like  to 
know,  however,  what  power  the  Corporation  of  Torquay  has  to 
insist  upon  these  safety  shafts.  It  cannot  be  done  under  the  bye- 
laws,  and  I  should  like  to  know  if  there  is  any  special  power 
under  which  it  can  be  dealt  with.  Turning  from  this  question  to 
public  lighting,  perhaps  Mr.  Garrett  will  tell  us  on  what  basis  the 
charges  are  made,  is  it  per  meter  or  lamp ;  and  if  so  I  should  like  to 
know  the  cost  if  he  will  let  us  have  it. 

The  President  :  In  closing  what  has  been  really  a  very  inter- 
esting discussion  I  can  only  add  my  meed  of  praise  to  Mr.  Garrett 
for  the  very  interesting  and  able  paper  he  has  given  us  this 
morning.  It  bristles  with  facts  and  figures,  and  although  some  of 
them  are  not  applicable  to  other  towns  there  are  some  which  no 
doubt  contain  information  more  or  less  beneficial  to  us.  The 
principal  point  which  has  been  touched  upon  is  the  vexed  question 
of  sewer  ventilation.  It  seems  up  to  now  we  have  not  finished 
our  battles  over  the  intercepting  trap,  and  it  is  likely  to  go  on  for 
many  years.  I  have  my  own  opinions  on  the  subject,  and  although 
they  do  not  quite  coincide  with  the  opinions  of  the  majority,  I  am 
open  to  conviction  if  any  one  will  convince  me  I  am  wrong.  I 
must  say  Mr.  Garrett's  method  of  getting  over  one  of  the  most 
serious  difficulties  is  a  step  a  long  way  ahead  of  what  has  been 
generally  practised  ;  and  if  Local  Authorities  could  compel  owners 
to  fix  ventilating  shafts  on  the  sewer  side  of  intercepting  traps  it 
would  do  away  with  a  great  deal  of  the  objection  to  the  use  of 
such  traps.  I  am  not  prepared  to  say  intercepting  traps  are  all 
perfect,  because  I  am  of  opinion  that  75  per  cent,  of  the  traps 
which  are  now  used  are  not  perfect  in  form  ;  they  do  not  wash  out 
the  whole  of  the  solid  matter.  There  are  some  forms  of  traps 
which  do  the  work  they  are  intended  to  do  fairly  well ;  but  there 
are  others  very  deficient,  and  which  give  off  sewer  gas  when  there 
is  no  necessity  for  it.    With  regard  to  the  main  sewer  1  should 
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like  to  ask  Mr.  Garrett  if  he  has  found  any  deposit  in  it.  From  a 
rough  calculation  the  velocity  seems  to  be  1£  feet  per  second.  I 
should  like  to  know  if  any  difficulty  has  been  experienced  with  that 
at  the  outfall  sewer.  With  regard  to  his  remarks  on  public 
lighting,  I  feel  sure  we  are  on  the  eve  of  a  great  improvement  in 
gas  lighting  which  may  have  a  tendency  to  stop  the  progress  of 
electric  lighting.  I  allude  to  the  Welsbach  system  of  incandescent 
gas  lighting.  If  that  can  be  adopted  with  safety  and  the  mantles 
kept  in  order  without  much  expense,  we  shall  obtain  a  street  light 
which  will  be  far  superior  to  any  of  the  present  forms  of  gas 
lighting,  and  practically  equal  to  the  electric  light  at  much  less 
cost.  Many  of  you  may  have  seen  a  report  on  the  incandescent 
light  by  Professor  Fenk  in  the  current  *  Minutes  of  Proceedings  of 
the  Institution  of  Civil  Engineers.'  I  think  the  incandescent 
system  of  gas  lighting  is  worthy  of  our  attention,  and  if  any 
Member  of  the  Association  could  make  experiments  with  that 
light  and  give  us  the  results  in  a  paper,  it  would  be  extremely 
useful.  There  are,  no  doubt,  very  few  of  us  here  who  have  anything 
to  do  with  harbour  engineering  works.  It  is  work  outside 
municipal  engineering,  and  the  Torquay  Corporation  are  to  be 
congratulated  upon  having  an  officer  able  and  willing  to  undertake 
such  duties.  It  is  a  speciality,  and  one  which,  probably,  the 
Corporation  ought  not  to  ask  Mr.  Garrett  to  undertake  as  part  of 
his  ordinary  duties.  If  he  is  able  and  willing  to  do  it  they  should 
be  very  proud  of  him,  and  at  the  same  time  recognise  his  ability  in 
a  fitting  and  substantial  manner.  I  will  not  mention  the  manner, 
that  is  a  matter  for  the  Corporation  to  do.  It  is  outside  municipal 
engineering,  but  nevertheless  we  are  very  pleased  to  have 
Members  who  can  undertake  such  duties.  I  only  hope  that  the 
large  amount  of  money  spent  on  these  works  will  be  remunerative. 
I  do  not  know  whether  it  is  desirable  to  introduce  a  large  volume 
of  maritime  trade  into  a  town  which  is  purely  a  health  resort ;  that 
is  a  point  upon  which  the  Corporation  are  the  best  judges.  With 
regard  to  the  gardens,  very  few  of  us  have  the  opportunity  of 
making  gardens  similar  to  those  you  have  here.  Probably  when 
the  Members  have  been  round  and  seen  the  delightful  gardens 
which  I  have  seen,  they  will  go  away  and  endeavour  to  find  a  little 
piece  of  ground  a  few  yards  square  and  try  to  convert  it  into 
gardens,  for  it  appears  to  me  that  only  a  couple  of  square  yards  are 
required  in  Torquay  to  make  a  beautiful  spot.  The  gardens  are 
really  the  feature  of  Torquay,  and  I  hope  we  shall  have  a  fine  day 
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to  inspect  them  and  to  take  advantage  of  the  kindness  of  the 
Corporation.  I  thank  Mr.  Garrett  very  sincerely  for  the  valuable 
and  interesting  paper  he  has  given  us. 

Mr.  H.  A.  Garrett,  in  replying  to  the  discussion,  said  :  I  am 
extremely  obliged  for  the  very  kind  way  in  which  you  have 
passed  the  vote  of  thanks  for  the  little  I  have  been  able  to  do  to 
place  a  paper  before  you.  There  is  a  large  amount  of  matter 
which  I  have  placed  in  the  paper  which  I  hope  will  be  of  use  and 
interest  to  you  hereafter.  I  do  not  wish  to  detain  you  many 
moments  in  replying  to  the  questions  which  have  been  put.  I 
will  first  refer  to  Mr.  Godfrey's  remarks.  He  mentioned  the  large 
amount  to  which  the  expenditure  of  the  town  on  public  works 
totalled  up,  but  I  have  not  given  the  whole  of  that  expenditure. 
In  the  waterworks  I  mention  the  cost  of  the  construction  of  the 
reservoirs  only  as  68,000Z.,  whereas  the  total  cost  of  the  water- 
works scheme  had  been  134,O0OZ.  I  may  say  that  Messrs. 
Cochrane  &  Sons,  of  London,  were  the  contractors  for  the  harbour 
works,  and  they  carried  out  their  work  with  the  greatest  amount 
of  satisfaction,  the  works  being  completed  without  a  single  dispute. 
In  reply  to  Mr.  Meade,  I  cannot  lay  claim  to  having  introduced 
the  system  of  sewer  ventilation  by  means  of  shafts  connected  to  the 
sewer  side  of  the  disconnecting  traps.  I  believe  Dr.  Karkeek,  the 
Medical  Officer  of  Health,  is  the  introducer  of  the  system.  We  have 
no  power  to  compel  the  fixing  of  these  shafts ;  it  is  a  matter  of 
custom  entirely.  The  builders,  however,  having  proved  their 
advantages,  are  only  too  glad  to  adopt  the  principle,  and  we  have 
not  the  slightest  difficulty  with  any  builder  in  the  town.  The 
ventilating  shafts  are  shown  upon  the  plans  of  new  buildings 
when  submitted  for  approval.  When  they  are  not  shown  we 
disapprove  the  plans  and  they  are  returned  to  the  architect  or 
builder.  We  are  now  revising  our  bye-laws,  and  propose  to 
insert  a  clause  making  the  system  compulsory,  and  whether  we 
succeed  or  not  we  shall  make  out  a  very  strong  case  in  support  of 
our  system.  The  Sanitary  Inspector  informs  me  there  are  nearer 
3000  than  2000  shafts  already  fixed.  They  are  laid  entirely 
under  the  supervision  of  the  Corporation  officials.  There  is  not  a 
dfain  pipe  either  laid  or  covered  up  unless  seen  by  the  responsible 
officer  appointed  by  the  Corporation  for  the  purpose.  It  is  the 
duty  of  the  Sanitary  Inspector  to  make  the  smoke  test  whenever  he 
thinks  it  is  necessary.  There  is  not  the  slightest  objection  to  this, 
and  if  any  defects  are  found  we  deal  with  them  under  the  pro 
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visions  of  the  Public  Health  Act.  Turning  to  the  harbour  works, 
Mr.  Collins  has  asked  the  width  of  the  harbour  mouth.  It  is  172 
feet.  With  regard  to  the  suggested  difficulty  of  approach  to  the 
harbour,  that  is  a  matter  I  cannot  go  into  at  the  present  moment, 
as  the  works  were  only  finished  in  April  and  we  have  not  had  time 
to  watch  it.  With  regard  to  rebound  in  the  harbour,  there  is  un- 
doubtedly a  rebound.  That  is  probably  due  in  a  great  measure  to 
the  vertical  walls  surrounding  the  harbour.  It  is  only  felt  at 
certain  stages  of  the  tide,  at  other  times  there  is  no  rebound. 
With  regard  to  Mr.  Barber's  remark,  the  foundation  of  the  curved 
sea  wall  is  the  solid  rock.  With  regard  to  Mr.  Lowe's  question  as 
to  complaints  from  residents  on  the  higher  levels  of  smells  from 
the  lower  level  shafts,  I  may  say  we  have  never  had  a  complaint 
from  any  owner  or  occupier  of  property.  The  houses  are  further 
apart  in  Torquay  than  in  most  towns ;  every  house  stands  in  its 
own  grounds,  200  or  300  yards  apart,  and  they  do  not  feel  any 
nuisance.  The  cost  of  tar  macadam  varies  from  Is.  4<i.  to  Is.  8d. 
per  yard.  That  is  a  low  price,  and  it  is  owing  to  the  very  low 
cost  of  material.  We  quarry  our  own  stone  and  break  it  in 
the  quarry,  and  therefore  have  only  to  pay  the  cost  of  quarrying 
and  breaking.  We  pay  no  royalty  on  the  stone,  only  a  nominal 
rent  for  the  quarry.  With  regard  to  flushing  of  the  sewers,  I 
admit  that  the  automatic  flushing  tanks  are  splendid  appliances, 
though  we  have  not  adopted  them.  Our  sewers  are  not  sufficiently 
deep  to  take  them,  the  greatest  depth  of  branch  sewers  being 
from  4  to  8  feet,  and  the  average  depth  is  from  5  feet  6  inches  to 
6  feet  6  inches.  In  reply  to  Mr.  Marston,  all  new  buildings  are 
provided  with  safety  shafts.  Where  the  distance  is  too  great  from 
the  house  the  shafts  are  attached  to  convenient  trees.  The  amount 
for  dredging  mentioned  in  my  paper  refers  only  to  that  executed 
by  the  Corporation  dredger  in  excavating  for  foundations,  and  does 
not  include  that  done  by  contract  by  Messrs.  Geen  &  Son,  of  New- 
port, Mon.,  whose  contract  for  deepening  the  new  harbour  area 
amounted  to  5500Z.  I  have  already  replied  to  the  question  of 
Mr.  Gloyne,  of  Eastbourne,  as  to  power  to  compel  the  fixing  of 
shafts.  We  have  no  power.  The  whole  maintenance  of  the 
public  lamps  is  in  our  own  hands.  The  company  neither  light  nor 
extinguish  the  lamps,  the  work  being  done  by  the  Corporation 
employees.  With  regard  to  the  President's  remarks  as  to  deposits 
in  the  main  sewer,  we  have  large  catch-pits  constructed  on  the 
main  lines  of  sewers  which  catch  the  silt.    These  pits  are  cleaned 
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out  regularly  every  week.  If  any  gentleman  wishes  to  go  into  the 
main  sewer  I  shall  be  pleased  to  make  the  necessary  arrangements 
and  accompany  him  through  to  the  outfall. 

After  the  discussion  on  Mr.  Garrett's  paper,  the  Members  were 
entertained  to  luncheon  in  the  large  saloon  by  the  Mayor,  The 
party  then  proceeded  to  view  the  Harbour  Engineering  Works. 
Thence  the  Members  proceeded  to  the  new  Princess  Gardens,  which 
have  been  artistically  laid  out  on  land  which  has  been  reclaimed 
from  the  sea.  While  in  the  gardens  the  President  of  the  Associa- 
tion, at  the  request  of  the  Mayor  of  Torquay,  planted  a  tree  in 
the  centre  of  the  gardens.  Visits  were  also  paid  to  the  New  Pier, 
the  Royal  Terrace  Gardens  and  the  Walloon  Hill  Slopes.  The 
party  was  then  driven  to  the  Corporation  workshops,  and  thence 
to  Chapel  Hill,  where  Mr.  Weekes  read  the  following  paper. 
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A  SHORT  DESCRIPTION  OF  THE  METHOD 
OF  DETECTING  WASTE  OP  WATER  AT 
TORQUAY. 

By  T.  S.  WEEKES,  Assoc.  M.  Inst.  C.E.,  Waterworks 
Engineer,  Torquay. 

The  towns  of  Torquay,  St.  Mary  Church,  Newton  Abbott  and 
Cockington  are  included  in  the  district  of  supply,  having  a 
population  of  about  45,000. 

In  Torquay  are  two  service  reservoirs,  one  250  feet  above 
Ordnance  datum,  the  other  400  feet.  From  these  are  duplicate 
service  mains  running  along  the  principal  streets;  the  branch 
street  service  pipes  are  connected  to  both  of  these  mains,  and 
by  an  arrangement  of  stop  valves  any  street  can  be  supplied 
through  one  pipe,  while  the  remainder  is  being  fed  through  the 
other. 

This,  the  low  level,  or  Chapel  Hill  division  of  Torquay  proper, 
is  divided  into  as  many  as  42  districts,  any  of  which  can  be 
supplied  by  what  for  the  time  becomes  an  independent  pipe  direct 
from  the  reservoir. 

The  Deacon's  meter  is  fixed  in  a  small  house  at  the  com- 
mencement of  the  service  main,  on  a  bye-pass,  and  in  that  way 
the  isolated  street  can  be  supplied  through  the  meter. 

The  diagram,  instead  of  being  attached  to  the  drum  at  the  top 
of  the  meter,  is  altogether  separate  therefrom  ;  the  disc  rod  is 
attached  by  a  wire  to  one  end  of  a  beam  fixed  to  roof  of  the  meter 
house,  the  other  end  of  the  beam  being  connected  also  by  a  wire 
to  the  levers  attached  to  the  waste  pen,  great  care  having  been 
taken  to  prevent  friction  in  every  part. 

The  diagram  paper  is  moved  by  clockwork  and  weights  at 
one  of  two  speeds,  either  at  ^  inch  to  a  minute  of  time  or  at 
y1^  inch  to  a  minute  of  time.  An  automatic  alarm  arrangement 
changes  the  speed  from  slow  to  fast  and  fast  to  slow  at  any  desired 
hours.  The  reason  for  changing  the  speed  is  to  prevent  the  waste 
of  paper  ;  as  a  rule  it  is  set  to  change  to  fast  about  eleven  o'clock 
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at  night,  and  back  to  slow  about  three  o'clock  next  morning,  the 
night's  work  being  done  between  those  hours. 

About  ^  inch  from  each  side  of  the  diagram  paper  the  time 
pens  are  fixed  (in  duplicate,  that  should  one  cease  working  the 
other  would  record  the  time),  connected  electrically  to  the  minute 
hand  of  an  accurate  clock,  which  actuates  at  the  completion  of 
each  minute  the  magnets  of  the  pens,  moving  them  at  right 
angles  with  the  edge  of  the  paper,  marking  a  little  dash  thereon, 
and  by  clockwork  distinctive  marks  are  made  to  show  every  tenth 
minute  and  each  hour  ;  thus  the  time  is  recorded  on  the  diagram. 

The  waste  pen  has  the  same  length  of  motion  as  the  meter 
piston,  drawing  a  continuous  line  on  the  diagram  paper,  indicating 
the  quantity  of  water  flowing  at  any  time  in  the  same  manner  as 
on  the  drum  paper  generally  used  in  connection  with  Deacon's 
meter,  the  time  pens  showing  the  exact  moment  when  any  change 
in  flow  takes  place. 

This  mode  of  dealing  with  the  waste  may  thus  be  described : 
Having  isolated  the  district  to  be  examined  and  directed  its  supply 
through  the  meter,  then  the  turncock  and  his  assistant,  having  a 
watch  corrected  to  the  meter  clock,  and  a  book  containing  the  list 
of  houses,  commences  at  twelve  o'clock  at  night  to  turn  off  house 
after  house  in  the  street  under  examination,  carefully  noting  the 
time  the  stop-cock  of  each  house  is  closed,  allowing  not  less  than 
one  minute  between  each  house ;  as  a  rule  this  is  done  at  the 
commencement  of  the  minute,  in  order  that  the  change  of  flow 
indicated  by  the  waste  pen  shall  be  opposite  the  minute  mark  on 
the  margin  of  the  diagram  paper. 

When  all  the  house  services  are  closed,  the  sluice  valve  at  the 
junction  of  the  pipe  with  the  main  is  shut,  that  time  being  also 
noted,  that  the  waste  outside  the  house  stopcocks  in  the  street  mains 
may  be  recorded  on  the  diagram. 

The  length  of  main  often  interposing  between  the  meter  and  the 
district  operated  upon,  causes  an  oscillation  of  the  meter  disc  and 
waste  pen,  from  the  friction  less  character  of  their  connections ; 
these  oscillations  die  out  rather  slowly,  and  are  sufficient  to  make 
a  leak  manifest,  when  almost  too  small  to  be  distinguishable  on  the 
vertical  scale  of  the  diagram. 

The  diagram,  and  turncock's  book  are  examined  next  day,  and  a 
list  of  the  leaky  houses  given  to  the  inspector  to  search  out  and 
report  the  cause  of  the  leaks,  it  being  also  his  duty  to  see  and 
report  that  the  leaks  are  repaired. 
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The  waste  of  the  whole  district  can  be  determined  in  two  nights, 
by  supplying  one  district  or  street  after  another  from  the  main 
fed  through  the  meter. 

Thus,  supposing  meter  main  be  "A  99  the  other  "B."  "  B"  is 
supplying  all  the  streets.  Turn  No.  1  district  through  the  meter 
for  five  minutes  (it  has  been  found  in  practice  it  takes  that  time 
for  the  oscillation  to  die  out),  by  shutting  stop-cock  No.  1  "  A  "  the 
waste  will  be  recorded  on  the  diagram ;  then  open  "  A  99  cock  of 
No.  2  district,  and  close  u  B  "  cock,  allowing  it  to  remain  charged 
through  the  meter  for  five  minutes  as  before,  then  shut  "  A  "  cock, 
thus  recording  the  waste  of  No.  2  district ;  and  so  on,  throughout 
the  whole  number,  the  time  of  the  successive  openings  and  shuttings 
of  the  different  valves  being  carefully  noted  in  the  turncock's 
book. 

Experience  has  shown  that  the  above  is  a  good  course  to  follow 
to  discover  the  most  wasteful  district  for  house  to  house  examina- 
tion, it  having  been  found  that  some  districts  need  only  occasional 
supervision,  while  others  require  constant  attention. 

The  advantages  of  this  mode  of  dealing  with  the  waste,  which 
have  been  fully  realised  here,  are  (1)  that  it  is  only  necessary  to 
inspect  those  houses  where  leaks  are  known  to  exist ;  (2)  that 
defects  such  as  could  not  be  detected  by  the  most  careful  house  to 
house  inspection  of  fittings  are  found  ;  (3)  that  those  consumers 
who  keep  their  fittings  in  good  order  are  not  annoyed  by  the 
visits  of  the  inspector  ;  (4)  that  the  working  expenses  are  small. 
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CHAPEL  HILL  METEOROLOGICAL  OBSERVA- 
TORY, TORQUAY. 

By  ALFEED  CHANDLEE,  F.R,  Met.  Soc. 

Position  and  Building. 

The  observatory  is  built  on  limestone  rock  at  the  summit  of  the 
quarry,  and  at  the  back  or  north  side  of  the  old  ruined  chapel  ; 
about  |  mile  from  the  sea,  overlooking  Torbay  and  the  English 
Channel.  The  ground  level  is  276  feet,  and  the  top  of  the 
building  286  feet  above  mean  sea  level.  The  part  of  the  building 
immediately  under  the  sunshine  instruments  is  built  of  solid 
limestone  to  prevent  vibration.  This  was  designed  in  1888  by 
Mr.  J.  Hall,  Assoc.  M.  Inst.  C.E.,  and  the  last  addition,  with  the 
erection  of  the  anemometer  and  a  larger  computing  room  for  the 
observer,  early  in  the  present  year  (1894)  by  Mr.  H.  A.  Garrett, 
Assoc.  M.  Inst.  C.E. 

Through  a  slight  error  in  the  foundations  of  the  original 
building,  the  observatory  is  not  quite  true  astronomical  north  and 
south,  but  the  instruments  are  all  fixed  in  a  true  direction. 

The  latitude  is  50°  29'  N.  and  the  longitude  3°  32'  W. 
=  14  minutes  after  Greenwich  mean  time. 

The  observatory  is  organised  and  maintained  by  the  Town 
Council,  under  the  supervision  of  the  Eoyal  Meteorological 
Society;  but  some  of  the  instruments  belong  to  the  Torquay 
Natural  History  Society. 

The  Instruments. 

Sunshine  Recorders — The  sunshine  recorders  are  (1)  a  Jordan 
photographic  twin  instrument ;  (2)  a  Campbell-Stokes  lens- 
burning  instrument,  with  Professor  Stokes'  zodiacal  card  holder. 
The  photographic  instrument  is  on  the  south  and  the  Campbell- 
Stokes  on  the  north  side  of  the  tower.  The  Campbell-Stokes  is  the 
older  of  the  two  instruments,  and  in  its  original  form  was  invented 
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by  Mr.  J.  F.  Campbell ;  but  in  its  present  form,  with  the  zodiacal 
frame,  and  in  the  patterns  for  use  in  different  latitudes,  it  has  been 
much  improved  by  Professor  Stokes,  F.R.S.,  the  Greenwich  and 
Kew  observers,  and  Messrs.  Beckley,  Cassella,  Negretti  and  Zambra. 
There  is  at  present  a  great  difference  of  opinion  as  to  the  exacti- 
tude of  the  two  instruments,  which  give  a  difference  of  sunshine 
duration  of  from  5  to  16  per  cent,  the  Jordan  instrument  always 
giving  in  the  monthly  totals  the  larger  amount,  but  occasionally 
in  the  daily  totals  less  than  the  Campbell-Stokes  instrument. 

It  is  alleged  that  the  Campbell-Stokes  measures  only  bright 
sunshine,  and  that  the  Jordan  measures  sunlight  as  well  as  sun- 
shine ;  but  from  the  work  done  here  for  the  past  six  years  with 
the  photographic  instrument,  I  have  never  traced  or  measured  any 
sunlight  on  the  charts  after  they  have  been  immersed  in  water, 
face  upwards,  according  to  the  instructions  issued  to  observers  by 
the  Eoyal  Meteorological  Society. 

The  photographic  instrument  is  more  troublesome  than  the 
Campbell-Stokes  instrument,  but  taking  the  different  states  of  the 
atmosphere  into  consideration  all  the  year  round,  it  is  the  more 
accurate  and  sensitive  instrument  of  the  two. 

These  instruments,  which  are  also  sun-dials,  for  the  measure- 
ment of  sunshine  and  of  time,  are  open  to  great  improvement,  and 
doubtless  will  in  the  future  be  made  as  exact  in  measurement  and 
definition  as  the  telescope,  the  spectroscope,  the  barometer  and 
thermometer. 

Anemometer.  — The  anemometer,  for  registering  the  velocity  and 
direction  of  the  wind  and  the  time  of  its  various  changes,  is  a 
Robinson  embossing,  self-recording  instrument  by  Casella.  The 
general  principle  of  this  instrument  is  that  of  Dr.  Robinson,  of 
Armagh,  in  which  four  hemispherical  cups  revolve  with  the  pres- 
sure of  the  wind.  The  very  ingenious  registering  parts  of  the 
instrument  and  also  the  vane,  are  new,  and  were  designed  by 
Mr.  Beckley,  of  Kew  Observatory,  and  Mr.  Casella.  The  force- 
and-die  principle  of  embossing  is  the  means  of  registration  here 
adopted.  The  paper  employed  for  receiving  the  hourly  velocity 
and  direction  marks  is  blue  in  colour  and  formed  of  narrow  strips, 
rolled  round  a  small  attached  roller,  from  which  it  is  drawn  and 
embossed  on  one  edge  by  the  action  of  the  rollers,  which  are 
divided  to  represent  miles,  figured  at  every  five  miles  of  horizontal 
wind  velocity.  The  clock  raises  the  hammer,  which  falls  once  in 
every  hour,  impressing  the  other  edge  of  the  paper  with  an  arrow, 
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whose  movements  correspond  with  the  larger  one  driven  by  the 
wind,  and  this  shows  its  exact  direction  at  every  hour  of  time. 
The  rate  of  speed  is  also  shown  during  each  preceding  hour  by 
the  distance  travelled  over  on  the  paper  between  each  successive 
imprint  of  the  arrow.  The  projection  under  the  large  arrow 
(outside)  contains  metal  balls  which  firmly  support  the  top  and 
aid  in  giving  freedom  of  action  to  the  vane.  The  square  box 
(outside)  is  of  cast  iron  and  contains  the  stronger  portion  of  the 
wheel-work,  and  chains  from  this  gear-work  act  on  the  velocity 
rollers  and  the  arrow  attached  to  the  clockwork  below.  From 
these  automatic  hourly  observations  are  obtained  the  velocity  of  the 
wind,  its  direction  and  estimated  force ;  but  this  latter  is  not  very 
reliable,  and  to  make  the  instrument  complete,  an  automatic  pres- 
sure plate  should  be  added,  as  in  Osier's  anemometer,  which  shows 
the  maximum  push  or  thrust  of  the  wind  in  pounds  weight  on  the 
square  foot,  and  the  time  when  such  maximum  pressure  takes 
place,  the  speed  of  the  wind  at  the  same  time  being  recorded  by 
the  Eobinson  cups. 

Barometers — The  barometer  is  one  of  Negretti  and  Zambra's 
standard  mercurial  instruments,  on  the  Fortin  adjusting  principle. 
The  mercurial  reservoir  is  279  feet  above  mean  sea-level.  The 
instrument  is  read  twice  daily  with  the  Vernier  index,  and  the 
readings  are  reduced  to  mean  sea-level  and  32°  F. 

The  self-recording  aneroid  barometer  is  placed  by  its  side  for 
purposes  of  comparison. 

Thermometers  and  Screen — The  shade  thermometers,  by  Casella, 
consist  of  a  mercurial  maximum,  a  spirit  minimum,  a  dry  and  wet 
bulb  thermometers  for  hygrometrical  measurements.  The  screen 
containing  these  instruments  is  a  Stevenson's  double  louvre,  placed 
over  grass,  with  the  bulbs  of  the  thermometers  4  feet  from  the 
ground. 

An  exact  duplicate  of  these  instruments  and  screen  is  at  Cary 
Green  (12  feet  above  mean  sea-level). 

The  solar  thermometers,  by  Negretti  and  Zambra,  are  a  black 
bulb  and  a  bright  bulb  in  vacuo  instruments,  both  mercurial,  and 
both  registering  the  maximum  temperature  in  the  sun,  the  differ- 
ence in  reading  between  the  two  instruments  being  a  measure  of  the 
amount  of  solar  radiation. 

The  grass  thermometer  is  one  of  Hick's  spirit  minimum  instru- 
ments, placed  on  grass  about  one  inch  above  the  level  of  the 
ground. 


CHAPEL  HILL  METEOROLOGICAL  OBSERVATORY,  TORQUAY.  207 

The  self-recording  thermometer  is  placed  in  a  Stevenson's  screen, 
and  shows  approximately  the  time  when  the  highest  and  lowest 
temperature  takes  place.  It  is  useful  for  purposes  of  comparison, 
but  it  cannot  be  so  exact  and  sensitive  as  the  mercurial  or  spirit 
thermometer,  depending  as  it  does  upon  the  lengthening  and 
shortening  of  a  metal  plate,  as  the  temperature  varies,  acting  on  a 
crank  lever  connected  to  an  arm  carrying  a  pen,  which  writes  the 
curve  of  temperature  on  the  chart  on  the  clock  cylinder. 

All  the  thermometers  are  degree  marked  on  the  stem,  verified  at 
Kew  Observatory,  and  are  read  with  their  errors  corrected. 

Bain  gauge — The  rain  gauges  at  Cary  Green  and  Chapel  Hill 
are  both  5  inches  in  diameter,  placed  1  foot  above  the  level  of  the 
ground.  They  are  the  Snowdon  pattern,  with  a  deep  rim  for  the 
measurement  of  snow. 
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DISCUSSION  AND  VOTES  OF  THANKS. 

Mr.  A.  T.  Davis:  What  is  the  degree  of  hardness  of  the  water? 
Mr.  Weekes  :  About  two  degrees. 

Mr.  Davis  :  I  thought  it  was  very  soft  from  the  water  at  the 
hotel  where  I  am  staying. 

The  President  :  We  cannot  leave  here  without  expressing  our 
thanks  to  Mr.  Weekes  and  Mr.  Chandler  for  the  papers  they  have 
prepared  and  read  and  the  information  they  have  given  us.  Some 
of  us  are  interested  in  water  and  some  in  meteorology — at  least 
we  all  were  this  morning.  I  have  much  pleasure  in  proposing  a 
vote  of  thanks  to  Mr.  Weekes  and  Mr.  Chandler  for  their  kindness 
in  having  done  what  they  have  for  us. 

Mr.  Weekes  :  Accept  my  thanks ;  and  any  information  which 
I  am  able  to  give  at  any  time  1  shall  be  pleased  to  give  to  any 
gentleman. 

Mr.  Chandler  said:  I  shall  be  very  pleased  to  send  any 
information  to  any  gentleman  whose  Corporation  is  engaged  in 
setting  up  a  meteorological  observatory. 

The  remainder  of  the  afternoon  was  devoted  to  a  drive  to  Saint 
Mary  Church,  Babbacombe  Bay  and  Downs  and  the  Lincombe 
drive — a  district  boasting  some  of  the  most  picturesque  coast 
scenery  in  the  west  of  England.  The  weather  remained  fine  and 
the  drive  proved  most  enjoyable. 

On  returning  to  Torquay  the  Members  of  the  Association  were 
entertained  to  tea  in  the  Bath  Saloon,  the  Mayor  (Alderman 
Shrubb)  presiding. 

After  the  repast  votes  of  thanks  were  moved,  seconded  and 
carried  to  the  Mayor  for  his  hospitality,  to  Mr.  Garrett,  the 
Borough  Engineer,  for  his  trouble  in  arranging  the  details  of  the 
visit,  and  to  Mr.  Hall  the  Honorary  District  Secretary. 


ANNUAL  MEETING  IN  LONDON. 


June  21,  22  and  23,  1894. 


THE  PRESIDENT'S  ADDRESS. 
By  ALFBED  M.  FOWLER,  M.  Inst.  C.E. 

It  affords  me  infinite  pleasure  to  be  elected  your  President  for  the 
ensuing  year,  and,  although  I  look  upon  the  duties  of  being  your 
Chairman  as  somewhat  onerous,  I  feel,  from  the  unanimous  vote  you 
have  accorded  to  me,  that  I  may  with  some  confidence  rely  on  your 
support  in  the  transaction  of  the  important  duties  devolving  upon 
the  office,  which  duties  are  year  by  year  becoming  more  difficult  to 
discharge.  Especially  in  my  case  do  these  remarks  apply,  from  the 
fact  that  I  have  not  of  recent  years  been  so  closely  allied  with  the 
transactions  of  the  business  of  the  Council  as  in  the  early  stages  of 
the  Association  ;  but  my  heart  has  always  been  with  you,  and  I 
have  travelled,  I  may  say,  thousands  of  miles,  from  time  to  time, 
to  be  present  and  take  part  in  the  discussions  at  many  of  the  dis- 
trict meetings ;  and  therefore  seek  your  kind  indulgence  during 
the  coming  year  for  any  shortcomings  on  my  part,  and  your  help 
in  the  discharge  of  the  duties  of  the  office  to  which  you  have 
honoured  me,  and  for  which  I  thank  you  most  sincerely. 

This  meeting,  as  you  are  aware,  records  the  twenty-first  anni- 
versary of  the  Association,  our  first  meeting  having  been  held  in 
this,  the  parent  institution,  on  the  2nd  of  May,  1873.  At  that 
time  there  were  but  163  Members,  and  we  now  number  upwards 
of  600  Members,  which  is  very  gratifying  to  realise. 

In  the  early  days  of  the  Association,  as  some  of  you  are  aware, 
there  was  some  difficulty  in  obtaining  papers,  and  more  so  in 
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inducing  Members  to  discuss  the  subject  matter  brought  forward. 
It  may  therefore  be  fairly  said  that  the  Association  has  not  been 
idle  during  the  period  of  its  youth,  having  visited  upwards  of  130 
towns  and  local  board  districts,  which  include  all  the  large  muni- 
cipalities in  England,  and  some  in  Ireland,  embracing  the  inspection 
of  public  works,  mills  and  manufactories  in  the  various  localities. 
Three  hundred  papers  have  been  read  and  discussed  on  every 
subject  appertaining  to  municipal  and  sanitary  engineering.  These 
must  have  supplied  most  valuable  engineering  information.  They 
have  also  informed  us  of  the  manufactures  of  the  country,  some  of 
which  are  closely  allied  to  the  work  of  the  profession.  All  these 
past  experiences  awaken  many  pleasant  memories,  mingled  with 
feelings  of  sorrow — pleasant  because  of  the  many  convivial  meetings 
we  have  had  throughout  the  country,  and  social  intercourse  with 
our  professional  brethren  ;  and  sorrow  at  the  loss  of  several  eminent 
and,  I  may  say,  beloved  Members  of  the  Association.  I  am  fully 
aware  of  the  difficulty  of  bringing  under  your  notice  fresh  matter 
relating  to  municipal  work,  the  subject  having  been  so  ably  and 
exhaustively  discussed  by  the  Presidents  and  Members  of  this 
Association  during  the  past  21  years. 

One  cannot  help  being  struck  with  wonder  and  amazement,  not 
only  with  the  improvement  in  locomotion  by  land  and  by  sea,  but 
by  the  improvements  which  have  been  made  in  the  science  of 
sanitation,  and  the  improvements  in  the  construction  of  dwellings 
generally,  and  in  the  large  thoroughfares  of  our  large  towns  during 
this  generation.  For  I  well  remember  on  two  occasions  travelling 
from  Leeds  to  London  with  the  mail  four-horse  coach,  before  the 
railway  system  was  fully  developed.  At  that  time  (1843)  the 
journey  of  186  miles  was  completed  in  twenty-six  hours,  and  it 
was  considered  that  the  main  roads  of  this  country  were  in  a  state 
of  perfection,  while  the  journey  is  now  performed  by  means  of  the 
locomotive  in  four  hours. 

At  that  time,  also,  municipal  work,  especially  with  regard  to 
sanitary  engineering,  may  be  said  to  have  been  in  its  infancy 
(although  it  was  being  raised  by  works  of  Dr.  Southwood  Smith), 
for  in  a  few  years  later  (1849)  a  great  plague  of  cholera  broke  out 
in  Leeds,  my  native  town,  and  the  inhabitants  of  some  of  the 
streets,  viz.  Cavalier  Street  in  particular,  /were  exterminated.  It 
was  not  until  then  that  the  municipal  authorities  were  brought 
face  to  face,  not  with  the  law  of  Westminster,  but  with  the  law  of 
Nature,  the  penalty  of  which  was  felt  heavily  throughout  the 
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length  and  breadth  of  the  land,  by  the  absence  of  the  necessary 
provisions  for  the  quick  removal  of  filth  from  our  midst. 

I  now  come  to  some  of  the  great  works  which  the  municipal 
institutions  of  the  country  have  recently  undertaken.  It  would  be 
impossible  in  a  short  address  to  even  give  a  faint  idea  of  what  has 
been  done  in  the  past  few  years,  and  the  enormous  work  now  in 
active  progress  of  development.  The  large  amount  of  capital 
borrowed  by  some  of  our  large  towns  for  the  construction  of  public 
works  will  give  some  idea  of  the  power,  the  grasp,  and  the  evident 
sense  of  responsibility  which  public  authorities  have  for  the 
advancement  of  sanitation  and  improvement  of  the  centres  of 
population — e.  g.  Leeds  has  now  a  debt  of  4,205,926Z. ;  Salford, 
1,716,3977. ;  Manchester,  11,716,2852. ;  Birmingham,  7,747,0957. ; 
Liverpool,  7,497,2147. 

The  great  benefits  which  have  recently  accrued  from  the  time 
and  thought  given  by  business  men  in  town  councils  to  municipal 
matters,  has  resulted  in  Corporations  rearranging  their  stock  and 
borrowing  capital  for  lengthy  periods,  in  some  cases  for  as  long  as 
60  years,  at  the  rate  of,  in  many  cases,  under  3  per  cent.,  and  also 
by  making  the  stock  negotiable.  These  debts  have  not  been 
entirely  incurred  directly  for  sanitary  works  proper,  although  the 
money  is  being  expended  with  a  view  to  the  improvement  of  the 
public  health,  as  in  the  case  of  acquiring  water- works,  gas-works, 
tramways,  hydraulic  power,  electric  lighting,  &c.  Such  under- 
takings, which  formerly  were  in  the  hands  of  private  companies, 
are  now  largely  transferred  to  municipal  authorities,  and  show 
in  the  capital  account  substantial  assets,  whilst  the  benefits 
derived  by  the  ratepayers  are  considerable,  not  only  on  the  ground 
of  convenience  and  public  health,  but  also  of  economy.  In  fact, 
the  profits  on  gas,  water  and  tramways  in  some  towns  go  far  to 
pay  the  cost  of  public  improvements:  as  in  the  case  of  Salford, 
which,  during  the  time  I  acted  as  engineer,  by  laying  down  the 
tramways  in  pursuance  of  its  own  parliamentary  powers,  obtained 
a  rental  of  10 \  per  cent,  on  the  cost  of  construction,  whilst  New- 
castle, in  like  manner,  obtained  per  cent.,  the  only  obligation 
being  to  keep  the  road  in  repair ;  whilst  the  new  paving,  some- 
times of  granite,  was  included  in  the  capital  account  on  which  the 
interest  was  charged,  thus  bringing  in  many  thousands  of  pounds 
per  annum. 

Many  towns  have  availed  themselves  of  the  powers  offered 
by  Parliament  for  providing  electric  lighting,  and  this  is  fast 
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becoming  adopted  for  private  houses  ;  the  only  drawback  at  present 
being  the  expense  in  providing  the  necessary  motive  power  to 
bring  it  in  closer  competition  with  the  cost  of  gaslight.  This  is, 
however,  being  daily  reduced  for  small  concerns,  by  the  intro- 
duction of  Dowson's  gas  engines  and  plant,  and  the  application  of 
anthracite  coal,  which  is  less  costly  than  ordinary  coal  gas.  This 
plant  has  now  been  running  engines  for  some  time,  with  an  ex- 
penditure of  not  more  than  \\  lbs.  of  fuel  per  indicated  horse- 
power. Oil  engines  are  now  also  worked  at  a  fraction  less  than 
one-halfpenny  per  hour  per  horse-power.  We  may  hope,  therefore, 
that  the  motive  power  for  working  dynamos  may,  at  no  distant 
date,  be  reduced  in  cost. 

Other  great  and  general  improvements  have  been  made  in  the 
regulation  of  railways  passing  through  large  towns,  by  the  reduction 
of  sound,  and  the  prevention  of  obstruction  to  light  and  air  in 
their  construction ;  for  although  the  locomotive  and  the  railways 
have  been  a  boon  and  a  blessing  to  men,  it  behoves  the  municipal 
engineer  to  carefully  seek  to  protect  the  inhabitants  of  large  towns, 
by  preserving  the  light  and  air  from  being  obstructed  by  high 
embankments  and  viaducts.    Manchester,  Salford,  Stockport  and 
Leeds  have  been  fully  alive  to  this,  and  in  some  cases  where 
railways  have  been  the  means  of  clearing  away  the  worst  class  of 
rookeries  and  of  filth,  these  Corporations  have  stepped  in  and 
availed  themselves  of  the  opportunities  of  making  new  streets 
and  securing  air  space  in  conjunction  with  the  railway  company. 
Especially  so  with  the  railway  works  now  in  course  of  construction 
through  the  heart  of  Leeds,  where  Mr.  Thomas  Hewson,  M.I.C.K 
and  Member  of  this  Association,  the  city  engineer,  has  succeeded 
in  making  vast  improvements  to  that  town  in  this  respect  which 
would  not  have  been  done  but  for  his  foresight  and  energy,  and 
therefore  would  have  retarded  for  many  years  to  come  the  sanitary 
work  of  that  Corporation.   Now  that  railway  construction  through 
towns  is  becoming  better  understood  by  the  municipal  engineer, 
embankments  and  obstructions  which  have  been  formed  in  the 
past  might  have  been  avoided  by  placing  railways  perhaps  in 
cuttings,  and  the  arches  of  viaducts  open,  instead  of,  as  at  present, 
closed,  and  forming  solid  blocks  of  obstruction.   The  noise  has  also 
been  considerably  reduced.   The  improvements  in  this  respect  may 
be  continued  to  be  realised  without  detriment  to  the  noble  and 
gigantic  railway  undertakings. 

The  noise  of  vehicular  traffic  in  the  public  streets,  which  so 
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seriously  affects  the  transaction  of  business  in  the  busy  thorough- 
fares of  our  large  cities,  has,  by  the  introduction  of  the  new  wooden 
paving,  been  reduced  to  a  minimum  ;  and  by  creosoting  and 
setting  the  blocks  in  asphalt  the  accumulation  of  dust  and  dirt  has 
been  largely  prevented.  The  friction  on  street  surfaces  has  also 
been  reduced.  For  this,  great  credit  is  due  to  our  late  Honorary 
Member,  Colonel  Haywood,  city  engineer,  London,  who  from  time 
to  time  for  many  years  past,  since  1866,  explained  in  his  valuable 
reports  the  pros  and  cons  of  the  different  systems  investigated 
and  experimented  upon  by  him.  The  diminution  in  the  sound  of 
vehicular  traffic,  and  the  reduction  of  friction,  has  lessened  the 
cost  in  wear  and  tear  of  horseflesh  and  vehicles.  And  there  is 
no  doubt  whatever  that  this  reduction  in  the  cost  of  traction  has 
enabled  the  traffic  to  be  worked  at  less  cost,  and  so  has  reduced 
the  omnibus  fares  in  London,  which  could  not  have  been  obtained 
except  for  these  improvements,  which  have  also  materially  added 
to  the  health  and  comfort  of  the  inhabitants  in  general. 

During  the  past  twenty-one  years  some  of  our  large  cities 
have  been  almost  rebuilt,  as  Manchester,  Leeds,  Birmingham  and 
Salford ;  some  of  the  streets  in  these  towns  have  been  widened 
from  two  to  three  times  their  former  breadth.  It  may  not  be 
generally  known  that  some  of  these  improvements  have  been  carried 
out  free  of  additional  cost  to  the  ratepayers,  as  in  Leeds.  Boar 
Lane  and  many  other  streets  were  widened  (and  rebuilt,  in  pursuance 
of  special  powers  granted  by  Parliament)  from  19  to  60  feet,  by 
purchasing  property,  as  in  Boar  Lane  alone  to  the  sum  of  upwards 
of  165,000/.  Previous  to  this  action  of  the  Corporation,  a  large 
area  of  land  abutting  on  the  street  remained  vacant  for  many 
years  at  the  price  of  31.  per  square  yard,  whilst  after  the  new 
scheme  was  propounded  the  first  sale  of  vacant  land  by  public 
auction  brought  601.  per  square  yard,  and  other  plots  realised 
similar  high  prices.  These  results  were  obtained  by  the  Corporation 
from  its  foresight  in  obtaining  powers  to  acquire  sufficient  land 
beyond  that  actually  required  for  the  widening  of  streets,  which 
additional  width  was  designed  to  be  about  50  feet  in  depth  from 
the  proposed  new  frontage,  so  as  to  form  good  shop  premises,  with 
the  result  that  the  land  was  greatly  improved  in  value,  and  hand- 
some buildings  were  erected,  which  improved  the  rateable  value  to 
such  an  extent  that  the  town  was  not  called  upon  for  an  increase  in 
the  rates.  I  mention  this  as  a  municipal  matter,  it  not  being 
generally  known  that  streets  in  large  towns  may  be  widened  and 
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improved  at  little  or  no  cost,  saying  nothing  of  the  improved  means 
of  communication,  comfort  and  ventilation. 

The  City  of  London,  in  obtaining  its  "  Betterment  Clauses  "  for 
an  approach  to  the  Tower  Bridge,  has  set  an  example  which  is 
being  followed  by  Manchester  in  its  Bill  now  before  Parliament. 
This  is  another  way  of  meeting  the  demands  for  widening  streets 
and  the  ventilation  of  large  towns,  but  it  is  questionable  as  to 
whether  or  not  the  Leeds  principles  can  be  improved  upon.  Leeds, 
also,  in  acquiring  land  for  Roundhay  Park,  90  acres  in  extent, 
obtained  power  to  purchase  more  land  than  was  actually  to  be 
appropriated.  From  these  examples  it  is  self-evident  that  land — 
whatever  may  have  been  its  previous  value — is  enhanced  when  it  is 
known  that  a  space  in  front  is  to  be  left  open  for  ever.  London  is 
highly  favoured  in  this  respect  with  ten  parks  covering  an  area  of 
upwards  of  2000  acres,  and  with  its  eleven  large  commons  in  the 
outskirts  (providing  for  the  future),  which  in  days  not  far  distant 
will  be  closely  surrounded  by  buildings. 

Having  held  office  in  the  past  as  municipal  engineer,  I  may  say 
in  some  of  the  largest  towns  in  England,  and  for  many  years  in 
business  in  Manchester,  I  naturally  feel  it  incumbent  upon  me  to 
say  something  of  the  gigantic  works  now  going  on,  and  about 
matured,  in  that  city.  Perhaps  one  of  the  greatest  economisers  in 
municipal  enterprise  is  the  plant  just  laid  down  by  the  Manchester 
Corporation  for  providing  hydraulic  power  throughout  the  city, 
whereby  large  blocks  of  buildings  can  be  more  economically  laid 
out  in  flats,  and  the  highest  floors  reached  with  much  less  exertion 
than  in  an  ordinary  two-storied  house.  This,  we  know,  has  long 
since  been  introduced  and  used  by  Lord  Armstrong,  and  applied 
for  the  lifting  of  heavy  goods,  as  in  London  and  Newcastle,*  up 
to  1887;  Liverpool,  Birmingham,  Melbourne,  Sydney,  Antwerp, 
Glasgow  and  Hull,  also,  are  making  this  provision.  But  Manchester, 
on  February  1  last,  completed  its  apparatus  to  bring  this  immense 
boon  within  the  reach  of  all  individuals,  having  laid  mains  through 
the  city  to  upwards  of  ten  miles  in  extent.  The  cost  of  conveyance 
for  hotels  and  residential  purposes  by  this  application,  say  200 
times  a  day,  for  a  lift  of,  say,  50  feet  with  an  extraordinary  load  of  one 
ton,  would  not  amount  to  more  than  \d.  per  ton  each  journey. 
Briefly,  there  are  4  engines  of  200  horse-power,  each  capable  of 
lifting  240  gallons  per  minute  against  an  accumulated  pressure 
of  1120  lbs.,  with  steam  pressure  of  120  lbs.  The  authorities 
have  already  made  40  connections.    The  economy,  comfort  and 
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convenience  likely  to  accrue  to  professional  men,  and  especially 
the  working  classes — to  say  nothing,  for  the  moment,  of  the 
advantages  to  trade  and  manufacture  in  general — are  incalculable. 
This  great  city  (Manchester)  of  enterprise  has  laid  many  miles  of 
electric  wires  throughout  the  thickly-populated  parts,  also,  within 
the  reach  of  all,  and  connections  are  daily  being  made. 

The  supplementary  work  of  obtaining  a  water  supply  from 
Lake  Thirlmere  to  that  of  Longendale  will  also  during  the  present 
year  (in  Manchester)  be  completed,  when  the  two  sources  will 
yield  45,000,000  gallons  per  day.  The  Longendale  works  were 
completed  in  1877,  and  had  cost  up  to  that  time  3,148,000Z., 
providing  for  about  1,000,000  people.  The  population  had  by 
this  time  so  enormously  increased  that  a  further  supply  was 
sought,  and  Lake  Thirlmere  was  decided  upon,  and  the  late 
Mr.  J.  F.  Bateman,  M.I.C.E.,  and  the  present  engineer  (Mr.  Hill) 
designed,  and  the  latter  has  carried  out,  the  work.  These  are  the 
largest  gravitation  works  in  the  world.  To  give  some  idea  of  this 
extended  scheme : — The  reservoir  at  Thirlmere  Lake  when  enlarged 
will  cover  an  area  of  793  acres,  with  a  capacity  of  8,130,686,693 
gallons.  The  watershed  extends  over  11,000  acres.  The  water 
will  be  conveyed  to  Manchester  by  upwards  of  95  miles  of  con- 
duiting.  The  quality  is  of  the  highest  possible  standard,  and 
contains  only  •  7°  of  hardness.  This,  as  compared  with  London, 
is  upwards  of  15°  softer.  I  estimate  the  saving  in  soap  and  labour, 
comparatively  (on  the  data  of  the  Royal  Commissioner's  Report, 
1868),  to  amount  to  upwards  of  300,000Z.  per  year.  If  London 
had  such  a  water,  the  saving  in  soap  and  labour  would  be 
upwards  of  2,250,OOOZ.  per  year.  The  scheme  provides  for  con- 
veying the  water  as  required  by  means  of  pipes,  each  capable 
of  delivering  10,000,000  gallons  per  day.  The  first  instalment 
will  be  completed  this  year.  The  cost  of  this  great  undertaking 
will  amount  to  about  2,500,000Z. :  this  is  for  the  first  instalment 
of  10,000,000  gallons.  When  all  is  utilised  to  the  full  extent, 
and  the  lake  raised  50  feet,  the  total  cost  will  be  between  four  and 
five  millions. 

This  year  (1894)  has  also  seen  the  completion  of  the  scheme  for 
intercepting  and  treatment  of  the  whole  of  the  sewage  at  present 
flowing  into  the  rivers  Irwell,  Irk  and  Medlock,  designed  and 
nearly  completed  by  the  late  Mr.  Allison,  M.I.O.E.  and  Member 
of  this  Association,  who  very  recently  read  a  description  of  the 
works,  and  personally  accompanied  the  Members  of  this  Association 
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over  the  same  when  in  progress.  He  died  in  harness,  in  the 
heyday  of  his  professional  life,  a  loyal  and  respected  officer. 

This  eventful  year  for  Manchester  has  had  the  crowning  success 
added  to  its  achievements  of  having  a  highway  opened  out  to  the 
sea,  by  the  completion  of  the  Ship  Canal,  inaugurated  by  Her  Most 
Gracious  Majesty  the  Queen  on  the  21st  of  May  last.  This  as 
you  are  aware,  has  become  of  late  years  a  municipal  work.  The 
Corporation  of  Manchester  now  represents  more  than  one-half  the 
board  of  directors.  It  has  provided  the  large  sum  of  5,000,000Z. 
to  the  company's  capital  of  8,000,000?.,  to  enable  the  undertaking 
to  be  completed.  This  appears  to  be  an  enormous  sum  for  a 
municipal  authority  to  advance,  and  is  unprecedented.  But  when 
we  reflect  upon  the  many  great  schemes  and  undertakings  this 
city  of  Manchester  has  entered  into,  they  may  all  be  said  to  be 
unprecedented.  Although  the  canal  itself  at  present  is  not  in  that 
flourishing  condition  expected  of  it  from  the  prospectus,  &c, 
issued  on  its  promotion,  yet  as  a  municipal  undertaking  it  has,  no 
doubt,  already  paid  the  inhabitants  of  Manchester,  inasmuch  as 
the  railway  freights  between  Liverpool  and  Manchester  have  been 
reduced  since  its  commencement,  and  the  shipping  at  present 
carried  on,  although  limited,  is  a  great  boon  to  the  city. 

Having  mentioned  some  of  the  municipal  works  of  magnitude, 
I  would  now  refer  to  the  most  urgent  necessary  questions  of  the 
day  with  which  I  am  at  present  engaged.  The  work  of  the 
municipal  engineer  may  be  said  to  consist  of  the  construction  of 
sewers,  tramways,  bridges,  roads  and  streets,  waterworks,  and 
sanitary  engineering  generally ;  but  in  a  short  address  it  is  not 
possible  to  make  a  resume  of  all  the  undertakings  with  which  one 
in  the  past,  or  even  at  present,  is  closely  allied.  The  most  im- 
portant topic  of  county  councils,  boroughs  and  sanitary  authorities, 
is  the  construction  of  main  intercepting  sewers  in  their  respective 
districts,  so  as  to  treat  and  deodorise  the  sewage  before  being 
turned  into  living  streams.  These  remarks  apply  particularly  to 
the  Manchester  Ship  Canal,  which  stream  has  become  in  a  worse 
sanitary  condition  since  its  construction ;  for  while  the  river 
Irwell  (which  is  now  absorbed  in  the  canal)  through  Manchester 
in  its  former  state  was  a  nuisance,  by  damming  up  its  waters  by 
weirs  6  feet  or  8  feet  deep,  the  canal  now  forms  pools  22  feet  deep, 
which  bring  the  waters  to  rest  and  assist  the  precipitation  of  the 
sewage-matter  from  the  watersheds  of  upwards  of  a  milliou  acres, 
studded  with  towns  and  manufactories,  with  a  population  of 
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2,500,000,  all  discharging  the  drainage  and  effluents  therefrom 
into  the  canal.  The  stench  can  be  perceived  half-a-mile  away. 
To  remedy  this,  and  the  former  state  of  things,  the  Salford 
Corporation  have  been  experimenting  on  almost  every  eligible 
patent  under  the  superintendence  of  professional  experts,  and 
elaborate  reports  at  great  expense  have  been  prepared  of  the 
results.  Up  to  the  present  time,  however,  nothing  definite  is 
decided  upon  for  adoption.  The  Corporation  of  Leeds  exercised 
the  same  principle  of  testing  the  patent  schemes  some  years  ago, 
but  since  have  used  nothing  but  lime  as  a  precipitating  agent. 

It  would  appear  that  the  time  for  experiments  has  passed,  for 
there  are  at  least  twenty  systems  which  will  precipitate  flocculent 
matter  in  sewage  and  produce  a  comparatively  clear  effluent ;  but 
when  we  come  to  analyse  the  cost  they  become  impracticable. 
The  Corporation  of  Manchester  for  their  new  works  have  settled 
the  question — at  all  events  for  some  time — by  adopting  the 
medium  of  sulphate  of  alumina  and  lime  as  a  precipitant,  and 
passing  the  effluent  therefrom  through  land.  In  designing  the 
large  works  at  Leeds  for  the  clarification  of  sewage  at  that  time, 
there  were  no  data  upon  which  to  formulate  a  scheme.  The 
Leeds  Corporation  expended  10,000Z.  in  experimenting  and  on 
structural  works.  Before  laying  down  the  permanent  plant  to 
treat  the  sewage  (about  10,000,000  gallons  daily)  before  entering 
the  river  (about  the  time  when  the  cattle  plague  first  broke  out 
in  England  in  Thorp  Hall  pastures,  on  tho  banks  of  the  river 
Aire  just  below  the  sewer  outfall  at  Leeds),  the  purification  was 
insisted  upon.  In  1866  the  river  was  so  black  just  below  Leeds 
that  the  Eivers  Pollution  Commissioners  wrote  a  memorandum 
with  the  water  at  the  confluence  of  the  Aire  with  the  Calder. 
At  about  this  time  the  Corporation  of  Leeds  were  served  with  an 
injunction  to  restrain  it  from  polluting  the  river  Aire.  The 
question  of  keeping  as  much  of  the  rainfall  out  of  the  sewers 
as  possible  was  therefore  enforced  upon  me. 

Then  commenced  observations  of  heavy  rain  as  affecting  the 
capacity  of  main  sewers  to  prevent  augmenting  the  bulk  of 
sewage  and  water  to  be  dealt  with  at  the  outfall,  especially  with 
respect  to  the  extension  of  the  sewers  to  the  outlying  districts  of 
Leeds  within  the  borough,  which  borough,  I  may  here  mention, 
contains  an  area  of  34  square  miles,  with  a  population  of  360,000, 
as  compared  with  the  population  in  1866  of  230,000.  I  then 
came  to  the  conclusion,  from  observations  of  the  flow  in  the 
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sewers,  that  during  heavy  rain  the  sewage  was  little  worse  than 
ordinary  surface  water.  I  was  materially  assisted  at  that  time  by 
reference  to  the  researches  of  Mr.  J.  W.  Leather,  M.I.C.E.,  and 
Mr.  J.  F.  Bateman,  M.I.C.E.,  on  rainfall  generally.  With  the 
object,  therefore,  of  reducing  the  flow  in  the  sewers,  I  had  careful 
records  made  for  many  years  in  Leeds  and  Salford  on  the  down- 
pours of  rain  during  short  periods  of  time.  The  main  sewers  at 
Leeds  were  also  gauged  from  time  to  time.  At  such  periods  I 
found  that  from  10  to  10 \  cubic  feet  per  acre  per  minute  was  run 
off  and  discharged  through  the  sewers  from  localities  well  built  up, 
and  the  streets  paved  and  completed.  This  amounted  to  about 
one-quarter  of  an  inch  of  rain  run  off  from  two-thirds  of  the 
whole  part  covered  by  streets  and  buildings,  or  about  one-sixth  of 
an  inch  per  minute  from  the  whole  area.  To  treat  such  quantities 
of  rain  at  the  outfall  was  next  to  impossible.  I  therefore  de- 
termined to  pass  off  the  flood  waters  from  the  sewers,  when  the 
same  became  diluted  to  about  six  or  seven  times  the  bulk  of  neat 
(dry-weather  flow)  sewage.  On  these  data  I  designed  the  main 
intercepting  sewer  for  Salford,  and  am  now  carrying  out  the  main 
sewer  for  Stockport  and  other  towns  on  the  same  data.  The 
sewers  laid  down  by  the  late  Mr.  J.  W.  Leather,  M.I.O.E.,  in  1857, 
were  then  far  in  advance  of  the  times,  securing,  as  they  did,  a 
minimum  velocity  (in  dry  weather)  of  over  2  feet  per  second; 
the  [glazed  oval  socketed  tubes  for  the  main  and  some  branch 
sewers,  and  the  trapped  iron  gullies  I  have  not  seen  improved 
upon  to  this  day.  These  sewers,  however,  in  consequence  of 
recent  enactments  compelling  authorities  to  deal  with  sewage, 
compelled  me  to  pass  off  the  flood  water  to  the  adjacent  streams. 
Mr.  Hewson,  M.I.C.E.,  of  this  Association,  the  present  engineer, 
has  constructed  and  is  still  carrying  out  gigantic  works  to  pass 
off  heavy  rainfall  from  the  sewers,  and  so  diminish  the  quantity 
of  sewage  and  rain  to  be  dealt  with  at  the  outfall.  By  this 
means  the  sewers  built  some  years  ago  have  not  been  enlarged, 
although  the  Borough  has  increased  in  population  enormously. 
I  mention  these  facts  as  I  consider  it  is  important  to  keep 
records  of  heavy  rain  during  short  periods  of  time  in  various 
localities,  and  so  design  the  sewers  to  meet  the  difficulty  of  passing 
off  the  same.  For  it  is  not  the  day's  rain,  but  the  rain  that  falls 
in  an  hour  or  so  that  makes  it  so  difficult  for  the  engineer  to  treat 
the  sewage  at  outfalls  effectively.  Flood  water  places  the  sewers 
under  pressure,  and  becomes  destructive  if  uncontrolled.  The 
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separate  system,  so  ably  advocated  some  years  ago  by  the  late 
Mr.  Edwin  Chad  wick,  O.B.,  would  meet  this  end,  but  I  fear  the 
absence  of  Nature's  cleanser  and  purifier,  the  rain,  would  be  dan- 
gerous to  health,  whilst  the  expense  of  constructing  would  be 
about  doubled. 

Having  realised  the  importance  of  keeping  the  sewers  to  a 
minimum  size,  I  have  designed  the  main  intercepting  sewers  for 
Leeds,  Salford  and  Stockport  so  as  to  pass  off  flood  waters  by 
means  of  weirs  fixed  in  the  branch  sewers — e.  g.  with  a  slip  or 
opening  formed  therein,  through  which  opening  the  neat  sewage 
drops  into  the  main  sewer  beneath,  leaving  the  heavy  rain  or 
flood  water  to  be  passed  off  in  a  cascade  over  the  slit,  and  so 
carried  on  into  the  nearest  watercourse.  These  have  been  found 
to  act  most  satisfactorily.  Their  introduction  was  facilitated  by 
the  mains  being  at  a  much  lower  level  than  the  sewage  to  be 
intercepted.  The  Stockport  intercepting  sewer  now  in  course  of 
construction  is  equal  to  7  feet  internal  diameter.  The  works  are 
estimated  to  cost  about  100,O00Z.,  exclusive  of  land.  The  sew- 
age to  be  dealt  with  will  be  about  10,000,000  gallons  per  day. 
It  was  urgently  sought  to  reduce  the  cost  of  pumping  by 
having  a  minimum  lift.  To  meet  this  end  the  gradients  have 
been  flattened  as  much  as  possible,  but  so  as  not  to  reduce  the  flow 
to  less  than  2  feet  per  second  during  time  of  drought.  The  sewer 
will  pass  beneath  the  river  in  five  places,  two  of  which  by  means 
of  inverted  syphons.  To  secure  this  velocity,  and  a  minimum  lift 
in  pumping,  the  sewer  is  flattened  in  cross-section  at  three  of  the 
crossings  by  means  of  irregular-shaped  iron  tubes,  but  securing  an 
inclined  plane  on  the  invert,  maintaining  the  same  capacity.  To 
augment  the  velocity  during  extreme  drought  in  so  large  a  sewer 
as  7  feet,  the  invert  is  narrowed  in  the  middle  to  about  3  feet  in 
width,  so  as  to  contract  the  flow  into  a  small  channel  of  the  shape 
in  cross-section  of  the  narrow  end  of  an  egg,  at  the  same  time 
leaving  a  footway  on  each  side  of  the  invert  to  facilitate  inspection. 
The  Stockport  sewage  is  to  be  pumped  to  a  height  of  16  feet  into 
tanks  to  contain  about  158,000  cubic  feet,  to  be  there  treated 
with  lime  and  sulphate  of  alumina.  The  effluent,  therefrom  will 
be  passed  over  and  through  land  about  6  feet  deep. 

I  have  merely  touched  upon  some  of  the  undertakings  accom- 
plished and  in  hand  for  the  improvement  of  the  health  and  comfort 
of  the  public,  but  there  is  much  more  to  be  done,  especially  for  the 
poor,  in  this  respect — viz.  I  would  call  attention  to  (1)  want  of 
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free  public  open-air  baths;  (2)  heating  of  blocks  of  cottage 
property  by  hot  water  from  a  central  station  ;  (3)  the  providing 
of  hot  water  in  all  cottage  houses  by  this  means ;  (4)  public 
shelters  during  winter  time  in  different  localities  for  the  poor  and 
desolate.  These  and  many  other  possible  improvements  will  cost 
but  little  as  compared  with  other  expensive  undertakings,  while, 
to  use  a  selfish  term,  they  will  to  a  great  extent  protect  the 
rich  in  guarding  against  disease  and  distress.  This  benefit  can- 
not be  shown  on  the  books  of  a  Corporation.  The  keeping  down 
of  filth  from  floating  in  the  atmosphere  and  spreading  the  germs 
of  contagion  like  the  floating  of  the  seed  of  the  thistle,  which  has 
been  known  to  travel  hundreds  of  miles  and  plant  its  rankness 
amongst  the  best  of  cultivated  ground,  by  the  expenditure  of 
large  sums  of  money  by  the  municipalities  throughout  the  country 
in  the  vast  improvements  in  sanitation,  especially  in  the  several 
towns  I  have  mentioned,  has  been  the  means  of  reducing  the  death- 
rate  to  a  notable  extent.  Taking  Leeds,  for  example,  during 
20  years,  from  1870  to  1880  the  death-rate  averaged  29- 4  per 
thousand;  from  1880  to  1890  it  was  22*7  per  thousand,  a 
decrease  of  3*35  per  thousand.  Taking  the  average  population 
at,  say,  309,000,  and  the  value  of  a  life,  as  estimated  by  that 
eminent  man  on  public  health,  Dr.  Farr,  at  159Z.  per  average 
head,  the  saving  in  Leeds  alone  has  been  164,588Z.,  at  the  rate  of 
8229Z.  per  annum,  to  say  nothing  of  the  reduction  in  distress  and 
misery. 

No  profession  has  contributed  to  the  saving  of  life  and  preser- 
vation of  health  more  than  the  municipal  engineer.  This  is 
apparent  from  the  healthy  state  of  the  country  at  the  present  time 
as  compared  with  some  thirty  years  ago.  Notably,  London  may 
be  said  to  be  now,  and  for  some  years  past,  the  healthiest  city  in 
the  world,  the  improvement  in  this  respect  dating  from  the  time 
when  the  contents  of  30,000  cesspools  was  turned  into  the  sewers 
by  the  enforcement  of  the  Act  of  1847.  Not  that  legislation  has 
done  all  to  attain  the  improved  state  of  health  in  this  country,  for 
we  are  indebted,  in  this  behalf,  not  only  to  the  work  of  this 
Association,  but  to  the  exertions  of  the  medical  officers  of  health 
and  the  Sanitary  Institute.  Unless  we  obey  the  law  of  Nature  we 
must  bear  the  penalty  and  perish,  and  should  not  forget  that 
although  "man  is  the  favourite  of  Nature,  not  in  the  sense  that 
Nature  has  done  everything  for  him,  but  that  she  has  given  him 
the  power  of  doing  everything  for  himself."    I  am  fully  cognisant 
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of  the  arduous  and  multifarious  duties  the  municipal  engineer 
has  to  perform,  the  practical  ability  he  has  to  bring  to  bear  upon 
his  work,  and  the  business  tact  he  has  to  exercise  to  establish  his 
position,  not  only  for  the  first  year  of  his  office,  but  from  year  to 
year  as  his  council  becomes  reconstituted.  Every  twelve  months 
brings  with  it  newly  elected  town  councillors,  loaded  with  fads,  to 
interrogate  the  officers  often  on  trivial  matters,  to  make  themselves 
popular  before  their  constituents.  The  engineer,  or  surveyor,  how- 
ever, has  the  confidence  of  the  Corporation  as  a  body  whom  he 
serves,  from  the  fact  of  his  being  entrusted  with  the  expenditure 
of  large  sums  of  money  in  the  carrying  out  of  works  under  his 
charge,  and  also  from  the  crucial  test  of  his  character  by  the 
hundreds  (in  some  cases)  he  has  had  to  compete  against  in  ob- 
taining his  honourable  position  ;  for  it  may  be  said  he  is  not  elected 
by  any  particular  ward  of  a  borough,  but  by  the  whole  borough. 
Our  worthy  and  highly-respected  Past  President  Mr.  Lewis  Angell 
brought  the  question  of  protection  of  the  engineer  fully  before 
this  Association  at  its  formation. 

It  is  well  known  from  experience  that  some  authorities  are  not 
grateful  to  the  officers  who  have  served  a  lifetime  in  the  interest  of 
the  town,  and  would  fain  leave  their  officials  at  the  mercy  of  their 
adversaries  when  most  of  the  fathers  of  the  council  who  had  known 
them  best  have  passed  away,  and  this  at  the  close  of  a  hard-worked 
official  life.  Therefore  I  think  that  the  time  has  arrived  when  he 
should  be  protected  by  the  institution  of  a  superannuation  fund,  or 
otherwise.  It  matters  little  how  many  authorities  he  may  have 
served,  he  is  always  gaining  knowledge  to  assist  in  the  general 
work  of  sanitation.  The  borough  surveyor  has  in  a  great  measure 
to  put  the  law  in  force,  and  so  strain  the  feeling  of  adverse  criti- 
cism, and  at  all  times  to  be  loyal  to  his  board  and  firm  in  the 
discharge  of  his  duties.  His  independent  and  impartial  judgment 
should  therefore  command  as  much  respect  as  the  highest  official 
in  the  land,  for  in  my  judgment  there  is  no  office  where  duties  are 
so  highly  strained — from  the  large  amount  of  scientific  work  de- 
manded of  him  by  his  employers,  on  the  one  hand,  and  from  the 
enforcement  of  sanitary  provisions  for  the  public  good  on  the  other. 
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ARRANGEMENTS  FOR  STERILISING 
CHOLERA  DEJECTA,  Etc., 

ADOPTED  AT  NEWCASTLE-UPON-TYNE. 

By  W.  GL  LAWS,  M.Inst.C.E. 

As  it  has  fallen  to  the  writer's  lot  to  design  and  build  several 
cholera  hospitals,  both  floating,  for  the  service  of  Port  Sanitary 
Authorities,  and  also  temporary,  for  the  use  of  the  town  in  the  case 
of  an  epidemic  breaking  out,  it  may  interest  the  Members  of  the 
Association  to  have  a  brief  description  of  some  of  the  peculiarities 
of  construction  that  were  forced  upon  him  by  the  conditions  of  the 
case,  and  of  expedients  devised  for  meeting  special  requirements. 

Into  the  history  of  the  cholera  scare  of  1892-3  it  is  not  neces- 
sary to  enter,  as  it  is  familiar  to  all  Town  Engineers  and  Medical 
Officers.  Suffice  it  to  say  that  the  effect  in  Newcastle-upon-Tyne 
was  to  stimulate  the  Sanitary  Authority  to  make  timely  provision 
against  a  visit  of  the  unwelcome  guest,  and  to  make  it  on  such  a 
scale  as  would  at  once  secure  the  necessary  accommodation  for  the 
largest  number  of  patients  that  might  possibly  be  expected,  and 
yet  to  avoid  any  reckless  expenditure  of  public  funds. 

On  consideration  of  the  mortality  in  the  heavy  epidemic  of 
cholera  in  1853,  and  the  much  smaller  death  rate  that  prevailed  in 
the  epidemic  of  1866,  and  bearing  in  mind  the  great  improvement 
in  the  sanitary  condition  of  the  town  since  the  latter  date,  it  was 
concluded  that  if  hospital  accommodation  was  provided  for  100  or 
120  patients  it  would  probably  meet  the  needs  of  the  case. 

In  cholera  there  is  fortunately  no  lingering  convalescence  to  be 
provided  for,  it  is  soon  over,  and  patients  either  die  quickly  or 
recover  rapidly.  Probably  in  a  severe  epidemic  the  average  stay 
of  a  patient  in  the  hospital  would  not  exceed  seven  days,  so  that 
the  above  provision  would  serve  for  100  patients  per  week. 

There  were  two  classes  of  work  to  be  done  in  the  building  of  the 
proposed  hospital,  viz. :  (1)  Such  as  required  time  to  provide  or 
execute  ;  among  which  were  the  choice  of  a  site ;  the  roads ; 
drains;  gas  and  water  supply;  and  foundations.    (2)  Such  as 
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with  proper  arrangements  could  be  rapidly  executed,  as  housing  of 
the  patients,  furnishings,  &c 

It  was  decided  to  commence  the  items  coming  under  the  first 
class  at  once ;  and  to  mate  all  preparations  and  enter  into  contracts 
for  the  carrying  out  of  the  second  class,  but  not  to  commence 
the  latter  until  another  outbreak  at  Hamburg  or  elsewhere  on  the 
Continent  should  render  the  danger  of  the  importation  of  the  dis- 
ease imminent. 

The  site  chosen  finally  was  on  the  Town  Moor,  as  having  the 
greatest  balance  of  advantages  in  its  favour,  and  being  far  enough 
removed  from  dwellings  to  avoid  private  opposition  and  consequent 
delay.  It  was  by  no  means,  however,  an  ideal  site ;  it  was  far 
from  the  town,  and  patients  would  have  to  be  carried  some  distance 
in  the  ambulances ;  it  was  also  open  and  exposed.  More  impor- 
tant still,  the  Town  Moor  was  known  to  be  honeycombed  with  old 
coal  workings,  now  standing  full  of  water.  From  these  workings 
it  was  known  that  several  private  and  public  wells  in  the  town 
derived  their  supply.  It  would,  therefore,  be  dangerous  if  any  of 
the  cholera  dejecta  should  find  their  way  into  the  soil,  as  it  was 
quite  possible  that  in  such  a  case  the  water  of  wells  in  the  various 
parts  of  the  town  might  be  contaminated  with  the  cholera  bacillus 
and  so  become  centres  of  outbreak,  for  which,  without  knowing  the 
key,  it  might  be  difficult  to  account.  This,  though  a  serious  dis- 
advantage, was  capable  of  being  effectually  dealt  with  by  physical 
means,  and,  in  fact,  it  was  made  the  groundwork  of  the  whole 
scheme  of  the  hospital. 

It  was  decided  that  the  first  essential  was  to  make  the  sewers 
and  drains  quite  watertight,  and  that  the  whole  of  the  floors  of  the 
ward  blocks  should  be  absolutely  impervious  to  water,  and  capable 
of  being  properly  cleansed  and  swilled.  The  ward  floors  were 
therefore  made  of  concrete  slightly  dished  towards  the  middle  and 
sloping  to  one  end,  where  there  is  a  cess-pot.  All  liquids  which 
fall  on  the  floors  are  kept  within  its  bounds,  and  the  washings  may 
either  be  run  directly  to  the  sewers  or  carried  to  the  sterilisers  if 
required. 

The  wards  are  arranged  in  six  blocks,  and  are  of  wood,  on  a 
concrete  floor.  Each  of  them  is  arranged  to  contain  20  beds. 
The  buildings  are  formed  of  a  framing  of  rough  scantlings  covered 
externally  with  galvanised  corrugated  iron,  and  lined  within  with 
match-board  cleading  dressed  and  varnished.  The  roofs  are  of 
corrugated  iron.  The  floor  space  allowed  is  100  square  feet  per  bed. 
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Tenders  were  taken  for  the  erection  of  these  ward  blocks,  the 
chief  conditions  being  that  the  contractor  should  undertake  to  keep 
on  hand  a  certain  stock  of  the  necessary  material,  and  that  he 
should  be  prepared  to  erect  each  ward  block  complete  and  ready 
for  use  within  twenty-one  days  of  notice  being  given  to  him. 
Should  he  not  be  called  upon  to  erect  them  at  all,  then  he  was  to 
receive  10  per  cent,  of  the  stipulated  price  as  compensation  for  any 
loss  on  the  material  provided. 

The  beds  and  other  furnishings  were  dealt  with  in  the  same  way, 
viz.  by  a  contingent  contract,  to  be  carried  out  only  if  required. 

As  a  matter  of  fact,  one  ward  block  and  a  "  nurses'  block  "  to 
house  seventeen  nurses  were  erected ;  notice  having  been  given  on 
June  14,  and  they  werej  ready  for  occupation  on  July  27  ;  but  for 
the  difficulty  in  getting  corrugated  iron  in  1893  they  would  have 
been  finished  ten  days  sooner. 

It  was  considered  essential  that  all  the  dejecta  and  liquid  sewage 
should  be  effectually  disinfected,  or  sterilised,  before  they  were 
allowed  to  reach  the  sewers.  All  the  circumstances  pointed  to 
some  form  of  sterilisation  by  heat,  and  the  method  adopted  in  the 
Kussian  and  Berlin  hospitals  was  considered  by  the  medical  officer 
to  be  the  most  effectual.  There  the  dejecta,  washings,  &c,  were 
collected  from  the  wards  by  a  rather  complicated  system  of  pipes 
and  conveyed  to  a  central  sterilising  boiler,  where  they  were  raised 
to  a  temperature  of  230°  by  means  of  steam  passed  round  the 
jacketed  boiler,  which  was  furnished  with  an  elaborate  system  of 
gauges  both  for  pressure  and  temperature.  After  the  whole  of 
the  material  had  been  thus  boiled  under  pressure,  it  was  allowed  to 
flow  away  into  the  sewer. 

This  system  seemed  to  the  writer  to  be  both  complicated  and 
expensive,  and  to  have  certain  disadvantages,  chiefly  that  between 
the  boiler  and  the  wards  there  was  a  considerable  length  of  pipes 
which  were  never  exposed  to  heat,  and  in  which  unsterilised  matter 
would  remain  and  might  be  a  source  of  danger.  He  proposed, 
therefore,  to  greatly  reduce  the  size  of  the  sterilising  pan,  viz. 
from  200  or  300  gallons  down  to  30  gallons,  and  to  place  one  of 
these  in  each  ward,  conveying  steam  to  it  from  a  central  boiler 
detached  from  the  wards.  By  this  method  the  dejecta,  &c,  are 
sterilised  before  leaving  the  ward  block,  and  no  dangerous  matter 
is  left  in  the  pipes.  This  modification  being  approved  by  the 
Medical  Officer,  he,  with  the  writer,  consulted  Messrs.  Groddard, 
Massey  and  Warner,  of  Nottingham,  as  experts  in  disinfecting 
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machinery,  and  they,  thinking  highly  of  the  proposal,  undertook  to 
work  out  the  details  and  make  the  machine.  The  illustration  is 
taken  from  the  working  drawings  of  the  "  Newcastle  Steriliser," 
as  made  by  them. 

The  steriliser  consists  of  a  cast-iron  pot  of  30  gallons  capacity, 
with  an  opening  9  inches  in  diameter  in  the  top  ;  this  opening  is 
closed  by  a  hinged  and  balanced  lid  resting  on  an  india-rubber 
joint  ring,  and  the  joint  can  be  made  steam-tight  by  two  pinching 
screws  acting  on  lugs  on  the  lid.  Into  the  pan  steam  is  conveyed 
by  a  small  pipe  reaching  to  the  bottom.  There  is  also  a  second 
steam  pipe  which  conveys  steam  to  the  space  above  the  liquid.  A 
third  pipe  allows  of  cold  water  for  cleansing  purposes  being  run  in. 
Through  the  cover  passes  a  larger  cast-iron  pipe,  which  reaches 
within  a  short  distance  of  the  bottom  of  the  pan  and  is  closed  by  a 
valve.  This  pipe  communicates  with  a  cooling  tank  outside  the 
ward,  which  is  in  connection  with  the  sewer.  Into  this  cooling 
tank  cold  water  can  be  run  to  cool  down  the  ejected  sewage  to 
below  100°  before  it  is  let  away  into  the  sewer. 

The  modus  operandi  is  as  follows  : — 

The  sterilising  pan  stands  in  a  small  offshoot  from  the  ward, 
and  when  not  in  use  steam  is  shut  off  and  the  hinged  lid  is  thrown 
back,  leaving  the  opening  free.  Into  the  pan  through  this  opening 
the  nurse  empties  the  bed-pans,  or  any  vessels  containing  infected 
washings  or  suspected  liquid,  and  then  closes  the  lid.  When  the 
pan  is  about  two-thirds  full,  or  oftener  if  necessary,  she  calls  the 
attendant,  who  screws  the  lid  down  tightly,  closes  the  outlet  valve 
and  opens  the  steam  cock  ;  the  steam  enters  at  the  bottom  of  the 
liquid,  mixing  it  thoroughly  and  rapidly  raising  it  to  a  temperature 
of  250°,  which  is  indicated  by  the  steam  gauge  showing  a  pressure 
of  30°.  When  this  point  is  reached  it  shows  that  the  desired 
temperature  has  been  obtained  throughout  the  liquid,  and  that  it 
is  now  effectually  sterilised.  Steam  is  now  shut  off,  and  when 
the  pressure  has  fallen  a  few  pounds,  the  outlet  valve  is  opened 
and  the  whole  of  the  liquid  is  at  once  discharged  into  the  cooling 
tank  by  the  pressure  of  the  remaining  steam,  the  pan  being  com- 
pletely emptied.  In  the  tank  it  meets  with  a  stream  of  cold  water, 
and  as  soon  as  the  whole  is  cooled  down  to  100°  it  is  allowed  to 
flow  away  to  the  sewer. 

In  the  meantime,  the  lid  being  released,  the  sterilising  pan  is 
again  thrown  open  ready  for  use  by  the  nurse. 

The  whole  operation  does  not  occupy  more  than  ten  minutes,  so 
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that  in  case  of  necessity  a  charge  can  be  boiled  off  and  cleared  out 
each  quarter  of  an  hour,  thus  providing  for  the  sterilisation  of 
400  to  500  gallons  daily  from  each  ward,  which  seems  ample  to 
meet  the  requirements  of  twenty  patients. 

The  illustration  shows  the  arrangement  of  the  apparatus  and 
needs  no  further  explanation. 

As  there  is  always  a  possibility  in  any  epidemic  that  it  may 
not  be  possible  to  get  the  patients  to  the  hospital,  either  from  the 
disease  having  gone  too  far  to  make  it  safe  to  remove  them,  or 
from  the  outbreak  being  too  general  and  there  being  more  patients 
than  could  be  accommodated,  it  became  necessary  to  devise  some 
means  for  dealing  with  the  dejecta  at  private  houses  in  such  a  way 
that  nothing  should  get  into  the  sewers  without  being  disinfected. 
The  writer  was  asked  to  devise  some  system  of  dealing  with  such 
cases  that  would  meet  the  difficulty.  It  may  be  interesting  to  the 
Members  to  know  the  mode  proposed,  which  was  approved  by  the 
Medical  Officer,  and  for  which  all  arrangements  were  made — though 
fortunately,  no  necessity  arose  to  use  them. 

A  number  of  oak  pails  were  provided  having  wooden  covers. 
These  were  painted  bright  red,  and  marked  "  Cholera  Pail."  As 
soon  as  a  case  was  reported  one  of  these  pails  would  be  at  once 
taken  to  the  house  by  one  of  a  special  staff  of  men  kept  by  the 
Medical  Officer  for  the  purpose.  Into  this  pail  before  he  leaves  the 
house  the  inspector  pours  a  strong  solution  of  mercury  perchloride, 
sufficient  to  make  the  pail  when  full  of  liquid  contain  1  per  1000 
of  the  disinfectant,  that  is,  for  a  5-gallon  pail  the  amount  of 
perchloride  would  be  f  ounce.  This  was  kept  in  solution  in 
bottles  containing  enough  for  one,  two  or  three  charges,  as  might 
be  most  convenient,  and  supplied  to  the  inspectors  as  required. 
Printed  directions  are  at  the  same  time  handed  to  the  nurse  or 
other  person  in  charge,  that  all  dejecta  and  washings  of  whatever 
kind  must  be  at  once  emptied  into  the  "  Cholera  Pail,"  and  into 
the  pail  only,  and  well  stirred  to  mix  them  thoroughly  with  the 
disinfectant. 

The  sub-inspector  who  supplied  the  pail  would  then  visit  the 
house  three  times  at  least  during  each  day,  and  at  each  visit  see 
that  the  directions  were  complied  with.  He  would  then  personally 
empty  the  pail  into  the  drains  and  re-charge  it  with  the  disin- 
fectant. Should  there  be  more  than  one  patient  in  the  house, 
additional  pails  would  be  supplied  or  the  house  visited  oftener. 

This  plan  should  secure  that  except  by  wilful  negligence  no 
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dejecta  or  washings  can  reach  the  drains  until  rendered  harmless, 
and  it  is  simple  enough  to  give  no  excuse  for  evading  it. 

The  writer  trusts  that  this  short  paper  may  serve  as  a  record  of 
somewhat  novel  arrangements  for  dealing  with  cholera  sewage, 
which  he  hopes  that  few  or  none  of  the  Members  of  the  Association 
may  have  the  need  to  use. 


Mr.  J.  Mann  :  I  have  very  great  pleasure  in  proposing  a  vote 
of  thanks  to  Mr.  Laws  for  this  paper. 

Mr.  Eayrs  :  I  think  the  importance  of  this  subject  cannot  be 
overrated.  As  it  has  been  suggested  that  Members  having  any 
observations  to  make  on  the  paper  should  send  them  to  the 
Secretary,  I  will  move  that  the  discussion  on  this  paper  be 
adjourned  to  the  first  district  meeting  in  Mr.  Laws'  district, 
or  the  first  meeting  Mr.  Laws  can  attend,  and  any  remarks  which 
may  be  sent  to  the  Secretary  may  be  read  before  the  discussion 
takes  place. 

Mr.  Stainthorpe  (Eston)  formally  seconded  the  proposition, 
which  was  adopted  unanimously. 


q  2 


(    228  ) 


ON   SOME  EXPERIMENTS  WITH  MODEL 
WHEELS   AND  ROAD  COATINGS. 

By  THOMAS  CODBINGTON,  M.  Inst.  C.E.,  &c. 

Nearly  twenty  years  ago  the  effect  of  a  traction  engine  and 
trucks  on  what  was  before  a  good  road  led  the  author  to  examine 
and  study  the  action  more  closely.  The  road,  though  sufficient  for 
the  traffic  on  it,  was  not  a  strong  one,  the  thickness  of  the  coating 
not  much  exceeding  4  inches,  and  when  the  excessive  loads  of  the 
engine  and  trucks  came  upon  it  the  serious  damage  was  done,  not 
where  the  road  coating  was  on  an  unyielding  bottom,  in  which  case 
the  wear  was  confined  to  the  surface,  but  where  the  subsoil,  though 
well  drained,  was  compressible  under  the  excessive  weights  that 
came  upon  it.  Where  this  was  the  case  the  passage  of  the  engine 
depressed  the  road  coating  under  the  wheels,  and  forced  it  up  at 
the  sides  and  in  advance,  cracking  and  cross  breaking  it,  and 
leaving  a  long  hollow  in  which  the  wheel  track  lay.  After  some 
examination  of  the  crust  of  the  road  by  opening  it  and  making 
sections,  the  author  determined  to  make  some  experiments  on  a 
small  scale,  using  partially  set  plaster  and  sand  on  clay  to  represent 
the  road  coating  and  the  subsoil.  The  scale  chosen  was  one-eighth 
full  size,  the  model  wheels  representing  wheels  of  33  to  60  inches 
in  diameter,  with  tires  If  inches  (rounded),  inches,  and  6  inches 
wide.  The  road  coating  represented  was  generally  3^  to  inches 
thick,  to  correspond  with  that  of  the  damaged  road.  Some 
examples  of  the  experiments  were  preserved  and  were  carefully 
drawn,  and  though  the  results  are  described  in  a  book  written  by 
the  author  in  1879  it  is  thought  that  the  drawings  and  some 
of  the  specimens,  accompanied  by  a  few  observations,  may  be  of 
interest  to  many  Members  of  the  Association. 

To  find  out  how  the  weight  borne  by  a  wheel  is  transmitted  to 
the  subsoil  which  ultimately  has  to  support  it,  the  model  wheels 
were  loaded  until  the  model  road  coating  cracked  and  was  on  the 
point  of  giving  way;  the  latter  was  then  pulled  to  pieces  and 
examined,  or  the  plaster  was  left  to  dry,  and  after  saturating  it 
with  gelatine,  sections  were  made  with  a  fine  saw.    The  application 
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of  the  load  was  followed  by  the  same  general  results  on  the 
coating.  Two  pairs  of  cracks  originated  at  the  sides  of  the  wheel, 
one  pair  running  downwards  nearly  vertically,  and  the  other  pair 
spreading  outwards  at  an  angle  of  from  35°  to  55°  with  the 
horizon,  and  as  the  load  increased  the  latter  pair  curved  round  the 
bearing  of  the  wheel  until  they  met,  tracing  a  rough  oval  on  the 
under  side  of  the  coating  within  which  the  subsoil  was  depressed. 
At  last  an  irregular  truncated  cone  on  a  roughly  oval  base,  with 
sides  sloping  at  an  angle  of  from  35°  to  55°,  was  separated,  and  as 
it  were  punched  out  of  the  coating.  Figs.  1  to  8  are  specimens 
preserved  and  drawn,  and  particulars  of  them  are  brought  together 
in  the  following  table. 
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The  size  and  shape  of  the  base  on  the  subsoil  were  affected  by 
the  width  of  the  wheel,  the  extent  to  which  the  circumference 
bore  on  the  surface,  the  cohesion  of  the  coating,  and  most  of  all 
by  its  thickness.  The  diameter  of  the  wheels  experimented  with 
did  not  sensibly  affect  the  length  of  the  bearing  on  the  road,  but  a 
narrow  wheel,  by  making  a  deeper  and  longer  inpression,  tended  to 
lengthen  the  oval.  This  is  to  be  observed  in  Figs.  4  and  7,  which 
show  the  effect  of  a  pair  of  wheels  of  the  same  diameter  equally 
loaded  on  the  same  coating.    The  diameter  represented  was  42 
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inches,  and  the  width  of  tire  of  one  wheel  was  3 \  inches,  and  of  the 
other  6  inches.  Though  the  coating  proved  to  be  rather  thinner 
under  the  narrower  wheel,  the  length  of  the  bearing  on  the  surface 
was  one-half  longer,  and  on  the  subsoil  one-third  longer,  making  the 
total  area  of  the  base  rather  larger  under  the  narrower  wheel.  The 
same  effect  was  observed  with  the  narrow  rounded  tire  where  the 
coating  was  not  too  soft,  as  may  be  seen  in  Figs.  1  and  5.  The 
effect  of  cohesive  strength  was  to  lessen  the  angle  with  the  horizon 
at  which  the  cracks  spread  outwards  and  downwards,  and  so  to 
increase  the  area  of  the  base.  The  coatings  were  not  always  mixed 
the  same,  and  were  in  some  experiments  more  set  than  in  others. 

The  effect  of  increased  thickness  of  coat  in  enlarging  the  area  of 
the  base  is  obvious.  Another  inch  in  thickness,  if  the  angle  of  the 
cracks  averaged  45°,  would  give  another  inch  all  round  the  margin, 
and  where  the  coatings  represented  are  3J  inches  thick,  another 
inch  of  thickness  would  add  nearly  one-third  to  the  area  of  the 
base  of  subsoil  supporting  the  load. 

But  the  load  is  not  uniformly  distributed  over  this  area,  and  the 
way  in  which  it  is  distributed  is  an  important  consideration. 

In  considering  how  the  pressure  of  a  wheel  on  the  surface  is 
distributed  over  the  subsoil,  the  road  coating  was  supposed  to  be 
made  up  of  spheres  of  the  same  size,  each  one  resting  on  four 
beneath  it,  like  round  shot  piled  in  a  heap.  The  area  affected  by 
the  pressure  would  then  be  the  base  of  a  rectangular  pyramid 
having  sides  sloping  at  an  angle  of  54°  44'  with  the  horizon,  and 
the  pressure  on  any  point  of  the  area  affected  can  be  calculated.  In 
Fig.  11  is  shown  a  section  through  six  layers  of  spheres  thus 
arranged,  with  the  proportion  of  the  weight  transmitted  vertically 
by  each  sphere.  The  fractions  have  been  simplified  in  the  figure, 
and  in  the  lower  layers  of  spheres  they  do  not  give  the  pressures 
exactly,  but  quite  near  enough  for  the  purpose.  The  top  layer 
consists  of  sixteen  spheres,  four  each  way,  each  of  which  is  loaded 
with  and  transmits  downwards  an  unit  of  pressure.  In  the  second 
layer  there  are  twenty-five  spheres,  but  only  nine  of  them  transmit 
the  full  unit  of  pressure,  and  in  layers  below  the  unit  of  pressure 
is  transmitted  by  four  and  one  spheres  successively,  so  that  in  the 
fifth  layer  the  full  pressure  is  nowhere  felt.  The  way  in  which 
the  pressure  diminishes  outwards  is  shown  by  the  curve  plotted 
below  the  base  in  Fig.  11.  The  conclusions  are  independent  of 
the  size  of  the  spheres,  and  if  we  assume  them  to  be  an  inch  in 
diameter,  each  loaded  with  1  cwt.,  there  will  be  an  area  4  inches 
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by  4  inches  loaded  with  16  cwt.,  or,  as  we  may  consider  it, 
supporting  a  wheel  4  inches  wide,  bearing  for  4  inches  of  its 
circumference  on  the  surface,  carrying  16  cwt.,  or  4  cwt.  to  each 
inch  of  width  of  tire :  a  heavy  but  not  an  excessive  load. 

On  this  scale  the  six  layers  of  spheres  will  represent  a  road 
coating  4^  inches  thick,  and  the  pressure  of  1  cwt.  per  square 
inch  on  the  surface  of  the  road  will  not  reach  the  subsoil.  Tracing 
the  pressure  downwards  it  will  be  found  that  at  a  depth  equal  to 
twice  the  breath  of  the  tire,  or  8  inches,  it  will  nowhere  exceed 
three-fourths  of  the  1  cwt.  per  square  inch  on  the  surface. 

If  we  suppose  the  top  layer  of  a  heap  of  inch  spheres  to  be  4  by 
16  spheres  or  inches,  each  loaded  with  1  cwt.,  we  shall  have  a  total 
load  of  3  tons  4  cwt.,  something  equivalent  to  the  weight  on  the 
driving  wheel  of  a  traction  engine,  16  inches  wide,  bearing  for 
4  inches  of  its  circumference  on  the  surface  of  a  road.  The  full 
surface  pressure  will  extend  no  deeper  than  shown  in  Fig.  11,  being 
limited  by  the  width  of  four  spheres,  but  instead  of  one  sphere  in 
the  fourth  layer  transmitting  1  cwt.,  there  would  be  a  line  of  ten 
spheres  with  that  pressure  under  the  axle  of  the  wheel,  and  the 
other  pressures  would  be  very  nearly  as  shown  in  Fig.  11.  But 
this  is  on  the  supposition  that  the  wheel  bears  evenly,  which  is 
seldom  the  case,  and  it  may  well  be  that  3  tons  may  rest  on  half 
of  the  width  of  the  wheel,  and  the  driving  wheel,  instead  of  bearing 
for  4  inches  of  its  circumference,  may,  from  the  yielding  ot  the 
road,  bear  fully  on  8  or  10  inches,  in  which  case  the  full  surface 
pressure  would  reach  twice  as  far  downwards.  This  probably  is 
the  explanation  of  the  fact  that  a  heavy  load,  like  a  traction  engine, 
is  far  more  destructive  to  a  road  on  a  yielding  foundation  than  an 
ordinary  load  with  a  greater  pressure  per  inch  of  width  of  wheel. 

If  the  spheres  were  of  unequal  sizes,  the  pressures  would,  no 
doubt,  be  somewhat  different,  and  the  angle  of  54°  44'  would  be 
altered,  but  in  many  layers  there  would  be  some  average  angle 
perhaps  not  far  different.  Subsidence  of  the  base,  as  in  the  case  of 
a  yielding  subsoil,  would  be  followed  by  a  rearrangement  of  the 
spheres  without  much  alteration  of  the  pressures.  In  a  road 
coating  of  course  the  stones  are  not  spheres,  and  are  of  all  sizes, 
and  this  and  cohesion  would  tend  to  widen  the  base  and  diminish 
the  maximum  pressure  on  the  subsoil.  A  real  road  coating  of 
mountain  limestone  was  found  to  crack  at  an  angle  of  about  35°. 
The  alteration  of  the  rectangular  base  in  the  case  of  the  spheres  to 
the  rough  oval  of  the  experiments  is  due  to  the  rounding  off  of  the 
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corners  where  the  pressure  is  small.  In  the  sixth  layer  of  spheres 
the  corner  spheres  of  the  rectangle  bear  only  j$2±  °f  ^e 
of  pressure,  and  it  is  easy  to  see  how  a  small  cohesive  strength  in 
the  coating  would  leave  them  and  their  neighbours  attached  to  the 
outer  part.  On  the  whole  the  author  considers  that  the  pressures 
in  a  heap  of  spheres  indicates  very  much  the  way  in  which  the  load 
on  a  wheel  is  transmitted  to  the  subsoil. 

When  a  wheel,  loaded  until  the  coating  began  to  give  way,  was 
rolled  forward,  fresh  cracks,  originating  at  the  sides  of  the  wheel 
and  spreading  outwards,  met  in  front  of  the  wheel,  and  were  followed 
up  by  the  vertical  cracks  under  the  sides  of  the  wheel.  Pieces  were 
thus  successively  broken  out  of  the  coating  as  the  wheel  moved 
forwards,  and  the  result  was  the  separation  of  a  rough  prismoid 
with  a  rounded  end,  which  may  be  likened  in  shape  to  an  un- 
finished railway  embankment.  The  top  was  generally  the  wheel 
track,  the  base  was  the  subsoil,  and  the  sides  sloped  outwards  at  an 
angle  of  35°  to  55°  with  the  horizon.  Good  specimens  were  hard  to 
preserve  because  of  the  numerous  cracks  in  them,  but  Figs.  9  and 
10  show  the  effect.  It  will  be  seen  that  they  are  traversed  by 
longitudinal  and  transverse  fractures,  and  in  some  specimens  there 
was  considerable  dislocation  and  grinding  together  of  the  fragments, 
and  a  rising  up  of  the  subsoil  into  the  cracks  opening  downwards. 

The  damage  done  by  the  admission  of  water  through  the  whole 
body  of  the  road  coating,  aggravated  perhaps  by  frost,  need  not  be 
dwelt  upon,  but  it  is  worth  while  to  point  out  the  weak  condition 
in  which  the  coating  is  left  on  each  side  of  a  track  broken  down  like 
that  shown  in  Fig.  9.  A  wheel  but  lightly  loaded  would  break 
down  the  overhanging  parts  shown  in  the  cross  section,  Fig.  9, 
and  beyond  that  on  each  side  the  supports  to  the  coating  would  be 
much  weakened.  One  passage  of  a  heavy  load  may  do  apparently 
little  damage,  but  followed  by  other  loads,  perhaps  no  greater  than 
the  road  could  bear  before,  the  effect  of  it  soon  shows  itself. 

By  opening  up  the  coating  of  a  road  which  has  been  broken 
down  in  the  manner  above  described,  by  the  passage  of  a  heavy  load, 
exactly  the  condition  shown  in  Figs.  9  and  10  is  to  be  found,  and 
with  a  little  trouble  the  rough  prismoid  broken  out  by  the  wheel 
can  be  exposed  by  removing  the  road  coating  at  the  sides.  Gene- 
rally, indeed,  observation  showed  that  the  experiments,  though  on  a 
small  scale,  exhibited  closely  the  result  produced  in  a  road  under 
similar  conditions,  that  is,  when  heavy  loads  pass  over  a  road 
coating  on  a  compressible  subsoil. 
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Mr.  Weaver  :  Mr.  President,  as  you  have  called  upon  me  I 
venture  to  make  a  few  remarks,  although  it  was  not  my  intention 
to  do  so.  I  think  Mr.  Codrington  has  placed  before  us  a  very 
interesting  paper,  inasmuch  as  it  investigates  in  a  very  delicate 
and  minute  manner  a  subject  of  great  interest  to  road  surveyors. 
There  has  been  considerable  diversity  of  opinion  as  to  the  diffusion 
of  downward  pressure  by  weights  supported  upon  wheels.  I  think 
one  thing  is  clearly  demonstrated  by  the  paper,  and  will  be  fully 
endorsed  by  every  road  surveyor,  namely,  that  the  stability  of  the 
road  surface  mainly  depends  upon  the  solidity  of  the  foundation. 
I  remember  in  the  important  case  in  which  my  board  was  in- 
terested, and  fought  the  "  battle  of  the  steam  roller  "  for  six  days 
in  Chancery  against  the  Gas  Light  and  Coke  Company,  there  was 
very  great  diversity  of  opinion  expressed  by  the  experts  as  to  the 
diffusion  of  the  pressure.  Sir  Joseph  Bazalgette  and  Mr.  Woods 
supported  my  view — which  is  in  full  accord  with  that  of  the 
author  of  the  paper — that  the  pressure  on  the  road  takes  the  form 
of  an  inverted  pyramid ;  therefore  the  deeper  a  pipe  is  laid  under 
a  road  properly  made,  the  less  pressure  would  come  upon  the  pipe. 
My  contention  was  that  if  the  pipes  were  laid  deeper  and  the 
foundations  of  the  road  were  properly  made,  the  pipes  would  not 
break ;  and  that  if  the  pipes  did  break  it  was  due  to  bad  iron,  or 
bad  foundations,  and  not  to  the  weight  of  the  roller.  On  the 
other  hand,  the  expert  engineers  put  forward  by  the  other  side 
contended  that  the  pressure  of  the  wheel  fell  in  vertical  lines  right 
under  the  tyre.  Therefore,  if  there  were  ten  tons  pressure  on  the 
road  under  the  wheel  it  was  transferred  direct  and  undiminished 
to  the  pipe  beneath  it,  in  contradistinction  to  the  fact  put  forward 
by  us  that  it  was  diffused  in  the  form  of  an  inverted  pyramid.  I 
am  very  pleased  that  the  results  of  the  experiments  put  forward 
by  Mr.  Codrington  endorse  the  opinion  put  forward  by  my  side., 
as  naturally  we  prefer  the  triumph  of  our  own  opinions.  I  have 
nothing  further  to  add  but  to  move  a  vote  of  thanks  to  Mr. 
Codrington  for  the  paper  he  has  placed  before  the  meeting. 

Mr.  J.  Lemon  :  I  have  very  much  pleasure  in  seconding  the 
proposition.  I  think  from  what  I  have  heard  of  the  paper  that  it 
is  a  valuable  one,  and  will  lead,  perhaps,  to  a  better  consideration 
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of  the  question  of  road  making.  It  is  a  very  curious  fact  that 
nearly  everybody  thinks  he  can  make  a  road,  and  nearly  every 
member  of  a  local  authority  is  ready  to  give  advice  upon  the 
subject.  My  experience  of  road  making  convinces  me  there  are 
very  few  persons  who  can  make  a  road.  It  is  a  subject  which 
requires  very  great  study  and  scientific  experience.  There  is,  no 
doubt,  more  money  wasted  on  roads  than  any  other  thing  which 
comes  under  the  province  of  the  engineer.  One  thing  I  always 
consider  necessary  is,  that  the  road  should  be  properly  shaped 
before  any  metal  is  put  on.  I  know  surveyors  who  think  the  road 
should  not  be  shaped  until  after  putting  on  the  metal,  but  I 
cannot  approve  of  that  course.  Another  thing  of  importance  in 
making  new  roads  is  to  get  a  proper  thickness  upon  the  com- 
pressible soil.  I  think  that  is  alluded  to  in  the  paper.  It  is  a 
very  important  matter,  and  one  to  which  proper  attention  is  not 
paid.  Mr.  Codrington  has  gone  into  the  matter  in  a  very  full  and 
scientific  manner,  and  we  are  very  much  indebted  to  him,  as  one 
of  the  inspectors  of  the  Local  Government  Board  and  as  an  expert 
upon  road  making,  for  reading  this  paper.  I  thank  Mr.  Codrington 
for  being  present,  and  I  have  no  doubt  he  will  be  able  to  give  us 
some  additional  information  when  he  rises  to  reply  to  the  discussion 
on  his  paper. 

Mr.  W.  H.  White  :  1  think  all  present  will  agree  with  me  that 
it  is  a  very  difficult  thing  to  discuss  a  paper  containing  such  an 
amount  of  original  research  on  the  spur  of  the  moment.  If  we 
had  had  an  opportunity  of  digesting  this  at  our  leisure,  it  is 
possible  some  of  us  might  have  had  information  more  or  less 
valuable  to  give  on  the  points  treated  by  Mr.  Codrington.  As  it 
is,  sir,  speaking  for  myself,  and  probably  in  doing  so  I  am 
speaking  for  a  great  many  more,  it  is  impossible  to  add  anything  to 
the  information  we  have  received.  There  is  one  other  point  besides 
that  mentioned  by  Mr.  Weaver,  which  is  specially  valuable  in  the 
paper,  and  that  is  the  clear  way  in  which  it  is  shown  that  as  you 
increase  the  thickness  of  the  road  material  you  spread  the  pressure 
upon  the  subsoil  below.  That  is  an  important  point.  Mr.  Lemon 
has  said  that  every  one  thinks  he  can  make  a  road ;  that  is  no 
doubt  the  case.  There  is  an  old  saying  that  any  fool  thinks  he 
can  drive  a  horse,  make  a  road,  or  manage  a  farm.  I  venture  to 
say  that  none  of  these  three  operations  can  be  performed  by  any 
person  without  skill  and  ability.  With  regard  to  road  making,  it 
does  require  very  considerable  skill  and  care.    I  agree  with  Mr. 
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Lemon  that  the  subsoil  under  the  road  should  be  shaped  to  the 
contour  of  the  road  in  order  that  there  should  be  a  regular 
thickness  of  metal.  I  do  not  know  whether  it  is  possible  at  any 
later  date  to  offer  remarks  on  this  paper  in  writing,  if  so,  I  think 
it  would  be  useful.  I  have  great  pleasure  in  supporting  the 
expression  of  thanks  to  Mr.  Codrington  for  his  paper. 

Mr.  J.  P.  Spencer  :  I  think  it  is  a  most  important  point  that 
an  Association  like  our  own  should  have  a  guide  in  these  matters. 
If  the  members  of  this  Association  are  to  have  a  guide  in  the  art  of 
road  making,  I  do  not  think,  if  we  searched  the  kingdom  through, 
we  could  have  a  better  guide  than  the  author  of  this  paper.  I 
entirely  agree  with  the  remarks  of  the  two  last  speakers.  I  have 
had  an  experience  of  road  making  myself  extending  over  twenty- 
five  years;  and  the  results  of  that  experience  coincide  with  the 
remarks  of  Mr.  Lemon  and  Mr.  White,  and  the  author  of  the  paper. 
I  think  a  greater  mistake  is  not  made  than  in  putting  a  varying 
thickness  of  metal  over  the  area  of  a  road — particularly  so  in 
manufacturing  districts,  where  very  large  weights  have  to  be  carried 
over  the  roads.  Where  vehicles  pass  each  other,  carrying  great 
weights,  and  have  to  diverge  from  the  centre  of  the  road  where  the 
greater  thickness  of  metal  has  been  put,  the  fallacy  is  immediately 
shown.  The  road  right  through  its  transverse  section  should  be  as 
thick  as  in  the  centre.  I  am  quite  sure  when  we  have  the  paper 
in  our  hands  in  the  printed  Proceedings  of  the  Association,  it  will 
be  very  much  more  appreciated  than  we  are  able  to  realise  at  the 
present  moment.  I  am  very  glad  that  we  have  this  paper,  with 
others,  to  form  a  text  book,  and  I  hope  it  will  not  be  the  last  time 
we  shall  have  a  paper  on  this  very  important  subject. 

Mr.  T.  L.  Lewis  :  I  should  not  like  to  lose  the  opportunity  of 
supporting  the  vote  of  thanks  to  Mr.  Codrington  for  his  valuable 
paper.  I  have  had  the  honour  of  knowing  Mr.  Codrington  since 
1870,  when  I  was  in  charge  of  a  district  of  county  roads  in  South 
Wales,  and  where,  at  that  time,  Mr.  Codrington  was  the  Inspector- 
General.  Mr.  Codrington,  from  his  position  as  an  Inspector  of 
the  Local  Government  Board,  has  had  very  extensive  means  of 
acquiring  information,  which  he  has  recently  published  in  a 
very  important  work  which  I  have  no  doubt  is  in  the  hands 
of  many  Members  of  the  Association.  I  know  that  in  South 
Wales  he  had  to  deal  with  roads  over  mountains,  with  perhaps 
only  a  few  inches  of  foundation,  and  which  have  been  displaced  by 
the  introduction  of  railways.    The  geological  strata  of  Wales  is  so 
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varied  that  Mr.  Codrington  had  to  deal  with  sundry  phases  of 
metalling  in  that  country. 

The  President  :  I  can  quite  endorse  the  remarks  which  have 
been  made  by  the  various  speakers,  especially  those  made  by 
Mr.  Lemon.  It  is  well  known  that  some  surveyors — at  least  men 
who  call  themselves  surveyors — who  have  had  no  experience  in  the 
making  of  roads,  in  their  ignorance  pile  up  the  metal  on  the  road 
to  such  an  extent  that  it  is  wasted.  I  have  been  in  districts 
making  tramways  where  we  have  had  to  take  off  12  or  18  inches 
of  metal  before  getting  to  the  foundation,  and  then  I  have  found  a 
very  good  foundation  beneath.  The  paper  shows  the  minimum  of 
thickness  required,  and  I  think  it  will  be  very  valuable  indeed  to 
any  young  surveyor  who  takes  an  interest  in  his  work,  and  has  a 
due  regard  for  economy. 

The  vote  of  thanks  having  been  unanimously  accorded, 
Mr.  Codrington,  in  reply,  said  :  I  have  really  no  reply  to  make, 
my  critics  have  been  so  extremely  lenient  in  their  discussion  of  the 
paper.  The  specimens  on  the  table,  which  are  the  under  parts  of 
Figs.  9  and  10,  are  worth  looking  at,  the  pieces  having  been 
punched  out  by  the  passage  of  the  wheels  over  the  road  coating. 
The  fractions  on  the  diagrams  of  the  spheres  No.  11  are  not  so 
beautifully  simple  in  reality  as  they  are  represented  there.  I  think 
when  the  paper  is  printed  they  will  have  to  go  back  to  the  original 
series  of  fractions.  The  other  thing  I  have  to  say  is  that  the 
diagrams  are  the  work  of  Mr.  Kobson,  of  Willesden,  who  took  the 
matter  in  hand  and  made  the  diagrams.  So  the  Association  is 
entirely  indebted  to  Mr.  Eobson  for  making  these  diagrams. 
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THE  DEVELOPMENT  OP  SANITATION  IN 
AMERICA. 

By  Lieut.-Colonel  A.  S.  JONES. 

A  few  engineers  in  this  country  have  taken  note  of  the  Annual 
and  Special  Reports  issued  by  the  State  Board  of  Health  of 
Massachusetts  during  the  last  twenty-four  years. 

But  it  by  no  means  follows  that  the  subject  has  been  exhausted, 
and  while  the  author  of  this  paper  cannot  claim  any  special  or 
personal  acquaintance  with  American  experiments,  he  finds  the 
theoretical  conclusions  set  forth  in  those  Beports  coincide  with 
results  of  his  own  practice,  and  desires  to  lead  others  to  study  the 
subject  of  sewage  disposal  in  the  light  of  the  latest  discoveries  of 
science,  which  afford  some  insight  into  a  natural  process  long 
recognised  as  essential  for  the  purification  of  foul  water,  although 
the  exact  modus  operandi  was  not  understood  until  recent  times. 

It  is  satisfactory  to  find  that  the  problem  of  sewage  disposal  has 
been  taken  up  by  Americans  in  a  much  more  theoretically  scientific 
manner,  and  been  less  complicated  by  rival  patentees  than  in 
England,  where  the  public  are  always  expecting  that  electricity 
or  magic  will  some  day  conjure  away  our  sewage  difficulty. 

The  Americans  had  time  to  study  our  earlier  efforts  before  it 
became  necessary  to  attack  their  own  problems,  and  were  'cute 
enough  to  take  lessons  which  we  only  paid  for,  e.  g.  that  the 
separate  system  is  desirable,  and  that  an  advocate  of  precipitation 
has  no  right  to  claim  the  difference  in  analyses  between  raw 
sewage  and  the  effluent  from  his  process  as  all  due  to  its  efficiency. 

They  made  parallel  experiments  and  found  that  agitation  and 
subsequent  stagnation  of  raw  sewage  alone  produced  on  an  average 
two-thirds  of  the  total  improvement  which  can  be  obtained  from 
equal  agitation  and  stagnation  plus  chemicals. 

It  is  true  that  we  at  last  absorbed  the  truth  about  separation, 
but,  even  to  this  day,  no  engineer  or  town  councillor,  in  consider- 
ing the  adoption  of  a  precipitation  scheme  for  an  English  authority, 
ever  takes  simple  deposition  into  account,  or  seeks  to  ascertain 
whether  the  additional  one-third  of  a  necessarily  imperfect  result  is 
worth  the  cost  of  chemicals  proposed. 
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It  may  be  so  in  many  cases,  or  it  may  not ;  but,  at  any  rate,  we 
ought  plainly  to  tell  the  ratepayer  the  truth,  irrespective  of  any 
trade  interest,  and  not  allow  him  to  suppose  that  the  chemicals 
do  more  than  a  fraction  of  the  purification  work  which  he  is 
recommended  to  undertake. 

And  it  is  essentially  unscientific  to  offer  comparisons  (as  we 
have  been  doing  for  thirty  years)  between  the  gross  results  of 
rival  processes,  when  common  sense  tells  us  that  those  gross  results 
are  affected,  to  a  very  large  extent,  by  a  variable  natural  agency 
common  to  all,  which  should  be  eliminated,  and  the  comparisons 
made  on  the  net  results  of  each  process. 

The  American  engineers  studied  all  that  has  been  done  in 
Europe  and  satisfied  themselves,  as  we  have  done,  that  whenever 
purification  is  demanded  by  local  conditions  it  can  only  be  ob- 
tained by  intermittent  filtration  through  land  or  its  equivalent  in 
a  sand  filter ;  but  they  could  not  help  observing  numerous  imper- 
fections in  our  practice,  in  pursuance  of  absolutely  sound  principles, 
and  had  to  consider  certain  limitations  to  their  application  in  their 
own  country. 

For  instance,  there  are  four  important  factors  in  the  American 
problem,  viz. : — 

(a)  Colder  climate ; 

(b)  Dilution  of  sewage — the  water  supply  of  American  towns 
averaging  80  or  more  gallons  per  head  of  their  population ; 

(e)  High  wages  for  common  labour  ; 

(d)  The  rapid  rate  of  increase  of  population  in  the  large  towns  ; 
which  all  received  very  careful  consideration. 

As  regards  a,  it  may  be  noted  that  opponents  of  irrigation 
schemes  in  England  often  exaggerate  the  difficulty  of  dealing  with 
sewage  by  that  means  in  frosty  weather,  although  it  has  been 
proved  again  and  again  that  sewage  never  reaches  the  land  much 
lower  in  temperature  than  45°  F.,  and  with  reasonable  care  can  be 
passed  through  a  large  area  of  land  under  cover  of  ice  and  snow 
during  the  hardest  and  longest  frosts  of  our  climate. 

But  knowing  that  winters  are  much  more  severe  in  many  parts 
of  the  United  States  it  was  desirable  to  examine  very  carefully 
what  could  be  done,  and  as  a  result  the  American  authorities  have 
determined  that  it  would  not  be  desirable  to  resort  to  land  treat- 
ment in  districts  where  the  monthly  mean  temperature  falls  below 
20°  F. 

The  author  trusts,  therefore,  that  English  people  will  realise 
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what  a  monthly  mean  of  20°  F.  means,  and  never  again  support 
anything  so  absurd  as  the  frost  objection  regarding  sewage  farming 
in  this  country. 

The  special  conditions  b,  c,  and  d,  must  govern  the  question  in 
America,  just  as  the  high  price  of  land  does  in  England,  and  there 
is  a  general  disposition  to  ask,  "How  little  land  can  we  do  with?" 
although  it  is  well  known  that  under  reasonable  conditions  both 
sanitary  and  financial  requirements  can  be  best  satisfied  by  the 
devotion  of  a  large  area  to  sewage  disposal  in  the  way  of  broad 
irrigation. 

The  American  engineers  seem  not  to  have  had  any  knowledge 
of  agriculture  at  home  or  abroad,  and  to  have  been  overwhelmed 
by  the  weight  of  b,  c,  and  d,  in  favour  of  restricting  the  area  of 
purification  ground,  as  they  fastened  upon  Dr.  Edward  Frankland's 
Laboratory  Experiments  on  Intermittent  Downward  Filtration  as 
a  clue  which  might  lead  to  good  results  with  their  dilute  sewage, 
and  altogether  neglected  the  late  Mr.  Bailey  Denton's  practical 
work  on  the  same  lines,  combined  with  a  growth  of  crops  on  his 
filter  beds. 

But,  following  up  Drt  Frankland's  clue,  the  Massachusetts 
State  Board  of  Health  began  in  January  1888,  and  are  continuing 
to  the  present  time,  a  most  interesting  course  of  extended  laboratory 
experiments  (with  artificially  prepared  filters  up  to  17  feet  diameter, 
6  feet  deep),  which  has  clearly  elucidated  the  chemical  and  biolo- 
gical process  which  takes  place  while  sewage  is  percolating  through 
the  pores  of  sand  or  soil,  a  process  which  we  used  to  call  oxidation, 
from  its  effect  only,  leaving  the  cause  undetermined,  though  its 
source  was  recognised  as  air  in  the  soil. 

And  the  carefully  kept  records  of  these  experiments  amplify 
and  confirm  in  the  most  satisfactory  manner  the  earlier  discoveries 
by  Dr.  Sorby,  Warington  and  Percy  Frankland,  of  nitrifying 
organisms  working  both  in  land  and  water. 

They  have  proved  that  intermittent  filtration  through  sand  or 
soil  is  not  a  process  of  straining  at  all,  but  is,  on  the  contrary,  a 
biological  process  in  which  the  nitrifying  organism,  with  the  assist- 
ance of  oxygen  from  the  air  and  minerals  naturally  in  solution  in 
the  sewage,  resolves  the  organic  matter  of  the  sewage  into  soluble 
nitrates,  and  that  as  much  as  100,000  gallons  a  day  per  acre  may 
be  passed  through  coarse  mortar  sand  with  the  result  of  removing 
98  per  cent,  of  the  albuminoid  ammonia  originally  present  in  the 
sewage. 
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The  question  of  permanency  of  the  filters,  even  with  dilute 
American  sewage,  remains  an  open  one,  for  the  Report  for  1892 
refers  to  clogging  not  only  on  the  surface,  which  can  be  easily 
picked  up,  but  in  the  body  of  the  filter  itself,  and  suggests  caution 
in  practical  application  of  a  table  of  quantities  of  sewage  per  day 
per  acre,  which  had  been  put  forward  in  the  previous  year's  official 
Report. 

The  clogging  in  lower  parts  of  the  filter  is,  however,  attributed 
to  the  fact  that  the  sand  had  been  shovelled  into  the  filter  bed 
while  the  latter  was  filled  with  water,  and  thus  become  stratified 
by  the  finer  sand  falling  later  than  the  coarser  part  of  the  material 
at  the  intervals  of  the  filling  operation. 

The  layers  of  fine  sand  have  intercepted  particles  of  sewage 
which  had  passed  through  the  coarser  sand  above,  and  thus  become 
impervious,  and  it  has  been  found  that  capillary  attraction  retains 
water  in  the  lower  part  of  a  layer  of  fine  sand  which  rests  upon 
coarser  material,  and  thus  forms  a  water  seal  to  prevent  aeration  of 
that  part  of  the  filter  which  lies  below  that  stratum. 

The  hope  is  expressed  that  stratification  can  be  avoided  in 
practice,  and  that  with  more  moderate  doses  of  sewage  than  those 
applied  to  the  experimental  filters,  there  may  be  less  descent  of 
particles  below  the  surface,  thus  prolonging  the  life  of  filters  in 
practical  use. 

It  is  evident  that  the  cost  of  re-making  many  acres  of  filter  beds 
every  four  or  five  years  would  be  very  great,  and,  although  grass 
seed  was  sown  on  one  of  the  experimental  filters  after  it  had  become 
clogged  and  its  efficiency  thereby  restored  after  the  crop  had  grown 
6  inches  high,  the  Report  does  not  allude  to  Bailey  Denton's  appli- 
cation of  the  Frankland  laboratory  experiment,  which  has  secured 
permanency  by  cultivation  with  as  great  a  capacity  for  daily  quantity 
of  sewage  per  acre  as  has  been  attained  on  the  bare  sand  filters  in 
Massachusetts. 

From  the  absence  of  notice  of  I.  D.  F.  practice  in  England  or  of 
any  surface  cultivation  on  the  experimental  filters  (with  the 
exception  above  noticed  in  the  one  year  1892)  the  Reports  lead 
one  to  suppose  that  the  directors  of  these  experiments  were  afraid 
to  complicate  the  problem  with  plant  life  agency  interfering  with 
their  chemical  and  biological  investigation,  and  no  doubt  they  were 
right. 

But  permanency  of  action  is  secured  by  a  covering  of  top  soil, 
which  will  intercept  all  particles  of  a  solid  nature  in  the  sewage, 
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and  its  cultivation  incorporates  these  matters  as  plant  food  while  it 
maintains  the  porosity  of  the  filter. 

Moreover  we  find  in  practice  that  the  main  purification  work  is 
done  in  the  first  few  inches,  often,  in  fact,  on  the  surface  itself, 
where  sewage  is  running  through  the  matted  roots  of  Italian  rye 
grass,  and  are  told  that  the  healthy  nitrifying  organisms  work 
there  to  greatest  advantage  ;  consequently  the  superior  advantage 
of  growing  crops  over  filter  beds  in  preference  to  keeping  the  sur- 
face in  bare  sand,  must  be  obvious  to  every  one. 

Precipitation. 

Parallel  with  the  filtration  experiments  above  referred  to  another 
series  has  been  devoted  to  chemical  precipitation  and  simple  de- 
position or  "  sedimentation,"  and  results  with  lime,  copperas, 
sulphate  of  alumina,  separately  and  in  combinations,  are  carefully 
recorded  in  many  pages  of  the  Reports. 

But  the  total  purification  (indicated  by  the  percentage  of 
albuminoid  ammonia  in  the  raw  sewage  removed)  in  the  best  cases 
failed  to  reach  60  per  cent,  as  compared  with  98  per  cent,  removed 
by  properly  conducted  filtration  through  sand  in  the  other  series. 

Our  judgment  of  practical  trials  has  led  us  to  much  the  same 
conclusion  in  this  country,  but  we  have  never  had  access  to  records 
of  such  extent  and  authority  as  are  supplied  by  the  State  of  Massa- 
chusetts. 

It  is  beyond  the  scope  of  this  paper  to  convey  these  data,  but 
it  is  intended  to:  urge  a  study  of  the  original  Reports  and  of  a 
great  work  on  "  Sewage  Disposal "  by  Messrs.  Rafter  &  Baker, 
published  by  Van  Nostrand,  New  York,  and  Sampson  Low, 
Marston  &  Co.,  London,  1894.  This  work,  although  compiled,  in 
America  especially,  will  be  found  valuable  to  young  engineers 
and  sanitarians  everywhere  as  a  complete  and  reliable  digest  of 
the  voluminous  English  blue-books  and  papers  on  sewage  disposal 
which  have  been  the  study  of  a  lifetime  to  engineers  of  the  last 
generation,  and  it  gives  the  latest  American  investigations  all  in 
one  large  volume. 

Nothing  so  comprehensive  in  a  condensed  form  has  issued  from 
the  press  in  this  country  of  late  years,  and  many  of  the  older 
authorities  being  out  of  print,  it  is  satisfactory  to  find  the  name  of 
a  London  publisher  on  its  title-page,  thus  placing  the  work  within 
easy  reach  of  sanitary  authorities  in  England. 
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DISCUSSION. 

Mr.  C.  H.  Cooper  :  I  consider  that  we  ought  to  be  very  much 
obliged  to  Colonel  Jones  for  bringing  this  subject  forward  and  for 
referring  to  the  Massachusetts  filters.  It  is  unfortunate  that  these 
filters  were  only  experimental,  and  neither  constructed  in  a  proper 
manner  nor  of  proper  material.  In  the  first  place  water  was  con- 
stantly held  by  capillary  attraction  at  the  bottom,  and  so  prevented 
that  portion  being  aerated  and  the  circulation  of  air  through  the 
filter.  Had  the  bottom  layers  been  formed  of  stones  and  loose 
gravel  with  good  drainage,  no  water  would  have  been  retained  so  as  to 
affect  the  filter.  The  sand  used  varied  in  size,  and  as  it  was  laid  in 
water  the  fine  portions  formed  layers  in  the  body  of  the  filters, 
which  further  obstructed  aeration.  Since  the  filters  referred  to 
were  constructed,  the  Massachusetts  experts  have  gone  most  care- 
fully into  the  important  matter  of  sand,  and  find  that  it  should  be 
of  uniform  size,  as  round  as  it  is  possible  to  obtain.  The  relation 
of  air  and  water  capacities  of  the  sand  play  an  important  part ;  if 
these  be  equal,  as  in  sand  of  about  yqo  of  an  inch  in  diameter, 
then  the  maximum  dose  can  be  applied  at  one  time,  but  the  doses 
cannot  be  repeated  so  frequently  as  smaller  doses  in  the  case  of 
coarse  sand.  Thus  in  the  case  of  sand  ^G  of  an  inch,  the  dose  is 
only  but  the  total  amount  that  can  be  cleansed  is  twice  that 
treated  in  the  case  of  the  former  sand.  There  is  one  point  in  the 
paper  that  does  not  appear  to  be  in  accordance  with  the  results 
obtained  either  in  this  country  or  in  America,  namely,  that  a  layer 
of  soil  should  be  placed  at  the  surface  of  a  filter.  If  this  be  done 
the  amount  that  can  be  treated  will  be  reduced  very  considerably. 
I  admit  there  are  filters  where  it  may  be  desirable  to  place  soil  at 
the  surface,  and  have  myself  done  so  on  a  filter  recently  constructed 
of  more  than  an  acre  in  extent  at  Wimbledon,  but  this  filter  is 
required  very  seldom  in  summer  months,  and  the  soil  allows  of 
crops  being  obtained  and  at  the  same  time  keep  the  filter  clean. 

Mr.  W.  H.  White  :  Colonel  Jones  through  this  paper  has 
adroitly  raised  the  whole  question  of  sewage  purification  and  utilisa- 
tion, and  so  he  has  given  us  an  opportunity,  of  which,  of  course,  we 
shall  not  avail  ourselves,  for  a  battle  raging  over  three  or  four  days. 
I  notice  he  has  been  very  severe  upon  the  chemical  processes  of 
sewage  disposal,  but  being  myself  a  strong  advocate  of  sewage 
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irrigation,  I  am  not  disposed  to  quarrel  with  him  on  that  account. 
With  regard  to  what  has  been  done  in  America  in  recent  years,  I  am 
able  to  bear  testimony  to  the  very  painstaking  way  in  which 
American  engineers  and  sanitary  authorities  have  gone  into  the 
question,  both  of  sewage  works  and  sewage  disposal,  and  also  water 
supply.  It  fell  to  my  lot  some  years  ago  to  interview  a  great  many 
American  engineers  who  came  over  to  this  country  to  make  en- 
quiries, when  I  was  very  much  struck  with  the  neat  and  skilful 
way  in  which  they  picked  our  brains,  and  I  have  no  doubt  they 
have  profited  exceedingly  by  our  failures.  I  believe  in  all  their 
regulations  with  regard  to  sewers,  and  everything  connected  with 
them,  they  are  very  stringent.  The  regulations  affecting  plumbers 
I  have  heard  are  very  severe.  Notwithstanding  the  severity  of 
these  regulations,  and  the  cleverness  with  which  they  are  carried  out 
by  the  local  authorities,  yet  the  jerry  builder  exists  in  America, 
and  contrives  to  dodge  the  authorities.  I  heard  some  time  ago  an 
amusing  instance  of  a  jerry  builder's  cleverness  in  that  respect. 
One  of  the  regulations  was  that  every  soil  pipe  must  be  efficiently 
ventilated  above  the  roof.  One  of  these  builders  appeared  to  have 
carried  that  out  in  a  thorough  manner.  Some  accident  led  to  an 
investigation  of  his  work,  and  it  was  found  there  was  no  connection 
whatever  between  the  soil  and  ventilating  pipe,  but  that  he  had 
ingeniously  attached  the  latter  to  the  roof  timber,  and  so  contrived 
to  evade  the  regulations.  The  real  point  upon  which  I  rose  to 
make  a  remark  or  two,  was  as  to  the  permanency  of  the  filters.  I 
have  had  14  or  15  years'  charge  of  intermittent  filtration,  and  I  am 
glad  to  be  able  to  say,  in  my  own  case  at  all  events,  the  clogging 
from  the  sewage,  although  the  beds  have  been  lavishly  used,  does 
not  go  down  beyond  8  or  10  inches  at  the  outside.  Perhaps  I  am 
wrong  in  saying  clogging,  because  the  soil  was  not  really  clogged ; 
at  that  depth  traces  of  sewage  were  found,  but  below  that  there  was 
nothing  except  where  earthworms  had  bored  down,  and  in  that 
case  black  marks  followed  their  course.  So  far  that  confirms  the 
statement  which  Colonel  Jones  has  given  in  his  paper.  I  think 
the  thanks  of  this  meeting  are  due  to  Colonel  Jones  for  taking  the 
pains  to  bring  this  question  before  us. 

Mr.  E.  G.  Mawbey  :  Having  a  large  sewage  farm  at  Leicester,  I 
should  like  to  give  the  meeting  the  results  of  my  experience.  At 
Leicester  it  has  been  proved  beyond  doubt  that  the  chemical  system 
alone  is  entirely  out  of  the  question.  It  acted  fairly  well  when  the 
population  was  small,  and  when  the  flow  of  sewage  effluent  was 

r  2 


244  THE  DEVELOPMENT  OF  SANITATION  IN  AMERICA. 

small  as  compared  with  the  flow  of  water  in  the  river  Soar  ;  but 
as  the  effluent  increased  in  volume  it  was  too  much  for  the  flow  of 
water  in  the  river,  and  was  a  failure.  Up  to  three  or  four  years 
ago  the  river  was  an  abominable  source  of  pollution,  although  they 
had  tried  every  known  chemical  process.  When  I  say  that  the  late 
Mr.  Gordon  tried  every  means  and  could  not  make  it  a  success,  you 
will  agree  that  the  very  best  was  done.  We  have  now  a  population 
of  187,000,  and  the  sewage  from  167,000  goes  to  the  sewage  farm. 
The  area  of  the  sewage  farm  available  for  treatment  is  about  1400 
acres.  Now  I  will  just  deal  with  the  question  of  chemical  pre- 
cipitation in  conjunction  with  land.  I  may  say  I  have  come  to  the 
conclusion,  from  my  experience  at  Leicester,  that  for  the  final 
treatment  of  sewage  there  is  nothing  equal  to  land.  We  have  been 
able  on  1400  acres  to  send  away  a  thoroughly  satisfactory  effluent, 
and  I  have  taken  many  samples,  and  except  when  we  were  first 
starting,  the  samples  have  been  most  satisfactory.  I  have  taken 
many  samples  of  effluent  from  chemical  treatment  only,  and  I  have 
found  the  reverse  action.  It  is  well  known  that  the  Leicester  soil  is 
clay  soil,  and  that  with  the  exception  of  about  30  acres,  we  have 
only  about  a  foot  of  soil  on  the  surface.  I  agree  that  the  bulk  of 
the  purification  is  done  on  the  surface.  I  should  like  to  say  that  I 
quite  agree  with  Colonel  Jones  that  we  cannot  do  better  than  allow 
nature  to  do  its  own  work,  where  the  necessary  means  are  available. 
Although  we  have  1400  acres,  and  are  sending  away  a  very  good 
effluent,  we  have  to  oversewage  the  land  even  on  that  area.  We 
find  by  sending  the  crude  sewage  on  the  land  that  the  crops — 
particularly  the  rye  grass  and  the  old  pasture — are  very  much 
fouled  by  the  sewage.  With  the  dense  sewage  we  have  at  Leicester 
— it  is  a  very  different  and  more  simple  matter  in  a  residential 
district  than  in  ours — I  feel  there  is  a  great  necessity  to  adopt 
chemical  precipitation  in  a  modified  form,  or  else  to  have  a  very 
large  tank  area  to  allow  the  sludge  to  subside.  It  is  at  present  a 
very  serious  matter  with  us  as  to  whether  we  shall  extend  the  area 
of  our  farm — and  we  have  about  2500  acres  round  our  farm  we  can 
command — or  whether  we  shall  take  out  the  sludge.  I  think  in 
treating  the  sewage  of  a  manufacturing  district  we  should  have 
sufficient  tank  accommodation  to  take  part  of  the  solid  matter  out 
by  ordinary  subsidence,  and  when  necessary,  also,  some  form  of 
chemical  precipitation,  such  as  by  lime  and  sulphate  of  alumina. 

Mr.  Escott  :  All  the  speakers  up  to  the  present  have  been  in 
favour  of  land  filtration,  and  I  agree  with  them  where  you  can 
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obtain  land ;  but  there  is  a  good  deal  to  be  said  in  favour  of 
chemical  precipitation.  Manchester  has  been  mentioned  to-day.  I 
do  not  know  why  reference  should  be  so  often  made  to  Manchester, 
and  the  difficulties  likely  to  be  met  with  there,  unless  it  is  to 
frighten  our  friend  Mr.  Meade,  who  has  just  been  appointed  en- 
gineer of  that  city.  It  is  all  very  well  for  Leicester  to  favour  land 
filtration,  where  they  have  1400  acres,  and  can  obtain  another 
2500  acres  if  required,  but  where  you  only  have  9  acres  of  land 
upon  which  to  treat  the  sewage  of  90,000  people  the  case  is  different, 
and  chemical  means  must  be  adopted.  It  shows  that  there  are  two 
sides  to  this  question,  and  I  lean  to  chemical  treatment  of  sewage ; 
and  believe  by  chemical  treatment  it  is  possible  to  turn  out  as 
bright  an  effluent  as  by  land  filtration,  and  with  less  cost. 

Mr.  E.  Pmtchard  :  I  think  it  is  now  15  or  16  years  since  we  had 
a  very  warm  discussion  in  Manchester  on  this  very  subject.  At 
that  time  I  advocated  land  per  se.  I  have  now  come  to  the  con- 
clusion that  the  sewage  of  each  town  must  be  governed  by  the 
local  conditions.  I  am  as  much  in  favour  of  the  land  treatment  as 
ever  I  was,  but  I  approach  the  question  more  tenderly  now  than 
I  did  twenty  years  ago.  The  intermittent  filter  does  its  duty 
within  a  short  depth  from  the  surface.  I  put  down  intermittent 
filters  in  several  towns  15  or  16  years  ago,  and  in  one  instance  I  am 
now  taking  them  up,  and  applying  a  combined  system  of  chemical 
precipitation  and  polarite  filters.  Where  you  can  obtain  land  of  a 
suitable  description  and  sufficient  quantity  on  which  to  treat  the 
sewage,  irrigation  is  the  proper  system  to  adopt ;  but  where  you 
have  a  large  town  near  to  a  small  river,  and  but  very  little  land 
available,  you  must  of  necessity  turn  to  chemical  precipitation.  We 
have  heard  this  morning  of  allowing  sewage  to  subside,  but  a  sub- 
siding tank  is  not  nearly  so  effective  as  chemical  precipitation. 
Take  Birmingham.  The  sewage  there  is  most  difficult  to  treat ;  it 
is  composed  very  largely  of  washings  from  metal  factories ;  and  you 
know  how  difficult  this  refuse  is  to  treat.  The  sewage  is  first 
treated  by  adding  a  solution  of  milk  of  lime  ;  it  then  passes  through 
roughing  and  precipitating  tanks,  and  the  sludge  is  disposed,  if  in 
a  liquid  state,  upon  the  land.  The  land  on  which  the  Birmingham 
sludge  is  treated  has  one  dressing  in  three  years.  We  have  heard 
a  great  deal  about  the  experiments  at  Salford ;  we  have  also  heard 
something  of  various  filters  and  various  processes  for  treating  sewage. 
I  am  not  going  to  suggest  any  particular  name  or  patent ;  what  we 
all  wish  to  secure  is  the  best  work.    I  think  after  twenty  year^' 
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experiments  that  broad  irrigation  by  gravitation  upon  suitable  land 
of  ample  area  is  the  best  process.  Sand  filters  without  previous 
precipitation  of  the  sewage  are  misleading  and  deceptive  in  their 
results  ;  and  I  can  only  say  in  conclusion  we  must  conform  to 
circumstances  and  deal  with  each  district  as  the  local  conditions 
require. 

Mr.  J.  Lemon  :  It  may  be  within  the  recollection  of  some  of  our 
friends  that  some  years  ago,  when  we  were  suggesting  various 
subjects  for  a  paper,  I  suggested  that  someone  should  read  a  paper 
on  failures.  No  one  had  the  courage  to  do  it.  When  American, 
French  and  German  engineers  travel  over  this  country  to  get 
information,  borough  engineers  are  not  ashamed  to  show  these 
failures,  by  which  the  former  profit  and  go  back  to  their  own 
countries  with  information  by  which  they  avoid  our  failures.  I 
only  wish  the  Members  of  the  Association  would  have  the  courage 
to  come  here  and  tell  us  when  they  make  mistakes.  I  was  glad 
to  hear  Mr.  Pritchard  tell  us  what  is  his  opinion  up  to  the  present 
day.  There  is  one  thing  in  the  paper  I  cordially  agree  with, 
and  that  is  the  remark  about  rival  patentees.  I  congratulate 
the  American  engineers  that  they  are  less  complicated  by  rival 
patentees  than  we  are  in  England.  If  there  is  anything  to  retard 
progress  it  is  some  of  these  rival  patents.  It  happens  to  me 
continually  when  I  go  to  advise  any  local  authority  on  this 
question,  that  they  ask  me  "What  is  your  system?"  I  always 
say  "I  have  got  no  system;  I  never  had  a  system."  They  look 
astonished,  they  cannot  understand  it ;  but  I  always  give  the  sam  e 
answer  as  Mr.  Pritchard, (( You  must  adapt  your  system  to  local 
circumstances."  I  am  very  sorry  that  we  should  ever  have  a  dis- 
cussion upon  the  relative  merits  of  land  versus  chemical  treatment. 
They  are  both  right  in  their  spheres.  For  one  town  the  right 
thing  is  to  apply  the  sewage  to  the  land,  for  another  town  chemical 
treatment  is  the  right  basis  ;  each  town  must  be  dealt  with  on  its 
merits.  There  are  occasions  when  it  is  absolutely  impossible  to 
obtain  sufficient  land  for  complete  purification,  I  ask  the  engineer 
what  he  will  do  in  that  case  ;  he  must  go  to  chemicals.  If  he  is  a  land 
man  up  to  the  hilt,  he  must  do  something  which  he  conscientiously 
considers  to  be  wrong,  or  retire  from  the  position.  ColonelJones 
calls  attention  to  the  deposition  in  tanks.  I  think  that  is  a  matter 
which  is  very  much  overlooked,  and  I  would  ask  any  engineer  who 
has  tanks  under  his  control  to  try  experiments  with  simple  deposition 
and  with  chemicals  for  twenty-four  hours,  and  he  will  find  what  a 
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remarkable  amount  of  purification  is  brought  about  by  deposition 
simply.  You  take  a  bottle  of  sewage  and  put  it  on  a  table,  and 
watch  it  for  a  few  hours.  It  will  subside  by  itself;  but  if  you 
add  a  certain  amount  of  chemicals  to  it  it  does  the  work  more 
quickly  and  efficiently.  Now  with  regard  to  the  clogging  of  filters. 
I  think  that  is  a  matter  which  depends  to  a  great  measure  upon 
the  way  in  which  the  filters  are  made.  I  want  to  draw  a  distinct 
difference  between  intermittent  filtration  advocated  by  Mr.  Bailey 
Denton  and  Dr.  Frankland  and  what  I  call  filters.  In  the  one 
case  you  can  cultivate  it,  as  was  done  at  Merthyr  Tydvil,  with 
very  good  results ;  in  the  other  case  with  an  ordinary  filter  you 
must  use  it  as  they  do  at  a  water-works.  I  disapprove  of  the 
practice,  where  you  have  a  small  sand  filter,  of  growing  crops  upon 
it.  It  is  proved  that  the  surface  of  the  filter  becomes  impure,  and 
unless  it  is  cleared  off  the  filter  becomes  choked  with  the  impurity. 
A  careful  engineer  will  clear  the  surface  of  his  filters  from  this 
impurity,  but  it  is  impossible  to  do  that  where  crops  are  growing 
upon  the  filter.  I  therefore  agree  with  Mr.  Cooper  that  where  you 
have  a  small  area  of  specially  prepared  filter  it  should  not  be  used 
for  growing  crops.  I  see  on  page  240  of  the  paper  Colonel  Jones 
alludes  to  the  clogging  of  the  lower  parts  of  the  filter,  which  is 
attributed  to  the  fact  that  sand  had  been  shovelled  into  the  filter 
bed  while  the  latter  was  filled  with  water,  and  thus  become 
stratified  by  the  finer  sand  falling  later  than  the  coarser  part  of 
the  material  at  the  intervals  of  the  filling  operation.  Well,  with 
all  respect  to  American  engineers,  that  was  a  curious  way  of  doing 
it.  To  my  mind  it  would  upset  the  whole  construction  of  a  filter 
if  you  had  it  made  so  as  to  drive  the  sand  among  the  larger  stones 
which  form  the  lower  part  of  the  strata. 

The  President  :  With  regard  to  Salford  I  think  the  town  is 
really  to  be  pitied,  because  it  listens  to  every  fad  that  everybody 
brings  forward,  and  they  have  been  working  away  for  three  or  four 
years,  and  are  no  nearer  now  than  they  were  at  the  beginning. 
Salford  set  an  example  to  the  whole  watershed  area  of  the  Irwell 
twenty  years  ago,  and  expended  a  large  sum  of  money  to  put  their 
house  in  order ;  and  now  instead  of  Salford  being  the  one  to  attack, 
the  other  authorities  turn  upon  them  and  say  "  you  must  put  your 
own  house  in  order."  They  have  had  about  twelve  patentees  in 
the  place,  and  they  are  no  nearer  a  solution.  Now  Manchester 
took  a  "  short  cut "  with  its  difficulties.  They  said  "  we  have  heard 
all  these  people  have  got  to  say,  and  we  think  the  proper  thing  is 
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to  treat  the  sewage  with  lime  and  sulphate  of  alumina,  and  to  have 
sufficient  tank  room  and  land."  That  is  the  scheme  which  has 
just  been  matured.  I  think  it  is  the  best  thing  they  could  have 
done.  It  would  be  a  sorry  thing  for  engineers  if  we  could  crack 
these  nuts  all  at  once.  There  would  be  no  work  for  Mr.  Pritchard 
or  Mr.  Lemon,  and  no  fees  to  receive.  Therefore  it  is  as  well  as  it  is. 
I  quite  agree  that  the  engineer  must  adapt  himself  to  local  circum- 
stances, and  there  must  be  thought  exercised  in  preparing  each 
scheme.  With  regard  to  the  patents  we  hear  so  much  about  as  a 
filtering  medium,  any  water-works  engineer  knows  we  cannot  get 
more  than  700  gallons  per  square  yard  through  a  filter  bed.  If 
you  take  the  film  off  the  top  of  the  filter  you  can  let  your  filter 
bed  stand  for  five  or  six  years.  For  water- works  purposes  sea  sand 
is  the  best,  so  that  it  will  not  discolour  your  water.  A  filter  bed 
is  a  very  scientific  thing  and  I  am  pleased  it  is  so.  The  paper  is 
a  very  excellent  one,  and  I  have  great  pleasure  in  proposing  a  vote 
of  thanks  to  Mr.  Jones.  Of  course  the  Americans  are  very  clever 
in  collecting  information  from  others  and  then  taking  credit  for  it. 
I  think  our  Royal  Commissions  in  the  past  have  done  wonderful 
work  ;  they  have  prepared  the  data  to  a  stage  where  the  engineer 
can  take  it  up  and  work  out  his  problem.  We  know  that  with 
places  like  the  Ship  Canal  we  can  get  a  comparatively  pure  effluent 
over  the  weirs,  but  when  a  vessel  goes  up  the  canal  it  stirs  up  the 
mud,  and  the  water  stinks. 

Mr.  E.  Pritchard:  Colonel  Jones  is  about  the  best  exponent 
of  what  a  sewage  farm  should  be;  he  has  greatly  assisted  his 
brother  engineers  on  the  question  of  filtration  and  subsidence 
tanks,  with  which  he  has  done  very  good  work.  I  have  very 
great  pleasure  in  seconding  the  vote  of  thanks  to  Col.  Jones  for 
his  paper,  and  for  what  he  has  done  for  our  Association  for  many 
years. 

The  vote  of  thanks  having  been  unanimously  accorded, 
Colonel  Jones,  in  replying  to  the  discussion,  said  :  I  am 
extremely  obliged  for  the  kind  way  in  which  you  have  received 
this  paper.  I  could  not  have  expected  such  very  warm  thanks  for 
anything  so  very  simple  and  elementary.  Mr.  White  introduced 
the  sewage  discussion,  with  which  he  credited  me,  but  it  was  very 
far  from  my  intention  to  do  that.  I  followed  these  American 
experiments  with  the  idea  of  arriving  at  the  truth ;  and  not  the 
experimental  fads  of  inventors  like  the  dozen  who  came  forward 
at  Salford,   Our  President  seems  quite  to  agree  with  my  view  about 
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the  inventors,  and  that  subsidence  should  be  resorted  to  with  a 
little  lime,  which  is  right  enough.  I  want  to  bring  forward  the 
point  which  has  been  suggested  of  experiments  over  alternate 
days ;  and  on  that  point  I  say  the  American  experiments  give 
very  careful  details  over  a  series  of  years,  and  I  thought  it  was 
worth  an  engineer's  while  to  obtain  these  reports — particularly 
now  they  are  placed  within  everybody's  reach  in  their  issue  in  a 
single  volume  form.  I  think  the  American  way  of  treating  the 
question  better  than  our  own,  although,  as  the  President  says,  we 
are  very  much  indebted  to  Eoyal  Commissions  in  England.  But 
there  is  this  difference — they  have  been  spasmodic  in  our  case. 
The  treatment  in  isolated  cases  and  places  has  been  put  forward 
as  general  for  other  places.  I  quite  agree  with  the  principle  that 
you  cannot  lay  down  particular  rules  for  every  place,  but  that  each 
place  must  have  its  own  conditions  attended  to  by  the  engineer 
recommending  the  scheme.  The  Massachusetts  experiments,  which 
have  been  extended  over  some  years,  are  more  scientific  than  ours, 
because  they  divided  the  filters  in  which  the  sewage  was  treated, 
used  a  portion  with  chemicals,  and  another  part  without  any 
chemicals  whatever,  and  tested  the  results.  There  is  some- 
thing in  agitating  sewage  that  conglomerates  the  scum  and 
solids  :  that  agitation  is  part  of  the  business.  My  point  is 
that  ratepayers  should  be  told  as  a  fact  "you  can  get  such 
and  such  results  of  clarification  by  simply  having  machinery 
for  agitation,  and  a  period  for  stagnation ;  and  you  can  add  one- 
third  to  the  total  result  by  using  such  and  such  chemicals."  The 
question  then  for  them  to  consider  is  whether  the  additional 
cost  is  worth  the  one-third  additional  work,  and  what  degree  of 
clarification  will  suffice  in  those  places  where  you  cannot  get  land. 
I  am  perfectly  ready  to  adopt  anything,  but  I  say  first  of  all  ascer- 
tain whether  simple  subsidence  would  not  give  you  a  sufficiently 
good  result.  I  agree  entirely  with  Mr.  Lemon,  but  I  think  he 
made  too  much  of  the  surface  soil  getting  clogged.  If  you  grow 
sufficient  crops,  however  much  sewage  you  put  on,  providing  a  certain 
quantity  of  the  sludge  is  taken  out,  you  use  up  all  the  clogging 
matter.  As  Mr.  Pritchard  said  of  his  examination  of  the  Birming- 
ham sewage  bed,  the  sewage  disappears  in  a  short  time,  because  the 
plants  take  it  up  as  part  of  their  growth.  I  do  not  think  that 
has  been  sufficiently  understood.  There  is  not  only  the  plant 
growth,  but  the  microbes,  which  are  always  at  work  consuming 
the  sewage.    It  is  a  very  great  thing  to  encourage  that  microbe 
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growth,  but  you  should  have  a  plant  growth  as  well  to  take  up 
the  sewage  matter.  I  am  extremely  pleased  that  Mr.  Mawbey  has 
spoken  on  this  question,  because  I  know  the  land  he  has  to  work 
on  and  the  difficulties  of  its  character.  I  do  hope  he  will  go  in 
for  a  large  tank  area  for  taking  his  sludge  out,  or  at  any  rate  use 
a  very  little  lime.  Mr.  Cooper  disagrees  rather  about  the  surface 
soil,  but  we  agree  in  the  main  on  sewage  subjects,  and  I  think  he 
took  my  statement  as  to  surface  soil  to  mean  more  than  it  does. 
I  am  content  with  even  a  little  sand  if  you  can  grow  crops  in  it. 
All  I  want  is  to  cultivate  the  surface  to  carry  away  the  nitrogen 
you  put  into  it.  The  Americans  were  quite  right  in  keeping 
their  experimental  filters  clear  to  know  exactly  what  they  were 
doing.  If  they  had  gone  in  for  plant  life  some  of  the  nitrates 
would  have  had  to  be  got  from  the  crop,  involving  a  double 
analysis  for  the  results  which  they  got  more  simply  in  the  effluent 
from  a  single  one. 


(   251  ) 


IRISH  COUNTY  SURVEYORSHIPS  AND  THE 
GRAND  JURY  SYSTEM  OF  IRELAND. 

By  E.  B.  SANDEKS,  B.E.,  M.  Inst.  C.E.  Ireland,  County 
Surveyor  op  King's  County. 

The  author  has  thought  that  perhaps  it  might  prove  acceptable 
to  the  Members  of  this  Association  to  give  some  information 
regarding  the  office,  appointment  and  duties  of  Irish  county 
surveyors,  and  also  regarding  the  grand  jury  system  of  Ireland, 
about  which  so  many  vague  statements  are  often  heard,  but 
of  the  real  nature  of  which  so  little  is  publicly  known  or 
understood. 

The  office  of  county  surveyor  in  Ireland  seems  to  have  been 
regularly  instituted  in  the  year  1834,  since  which  date  numerous 
Acts  of  Parliament  have  been  passed,  altering,  amending  and 
regulating  the  appointments  and  duties  appertaining  to  the 
office. 

In  the  year  1857  a  select  committee  of  the  House  of  Commons 
was  appointed  to  inquire  into  the  "  duties,  functions  and  mode  of 
remuneration  of  county  and  district  surveyors  in  Ireland/'  Their 
report  states  "  that  the  institution  of  County  Surveyors  under  the 
6  &  7  Will.  IV.,  chap.  116,  for  the  superintendence  of  county 
works,  has  been  attended  with  great  public  advantage,  both  as 
regards  the  improvement  of  county  roads  and  works,  and  as  regards 
the  economy  of  county  funds." 

In  1834,  when  the  office  was  instituted,  there  were  under  repair 
by  the  grand  juries  in  Ireland,  13,191  miles  of  roads  at  an 
annual  cost  of  228,31 6Z.,  or  an  average  cost  of  17Z.  6s.  per  mile  ; 
but  this  did  not  include  turnpike  roads,  and  some  very  important 
roads  which  were  maintained  by  the  Commissioners  of  Public 
Works. 

In  1853  an  Act  was  passed  handing  over  to  the  counties  those 
roads  formerly  maintained  by  the  Commissioners  of  Public  Works, 
and  also,  under  this  Act,  certain  piers  and  harbours  were  trans- 
ferred to  counties  and  put  under  the  care  of  county  surveyors, 
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since  which  time  many  new  piers  and  harbours  have  been  built 
by  the  maritime  counties. 

In  1857  another  Act  was  passed,  which  abolished  turnpike 
trusts,  and  handed  over  the  turnpike  roads  to  the  counties,  under 
the  supervision  and  control  of  the  county  surveyors. 

The  mileage  of  county  roads  increased  from  13,191  in  1834 
to  51,182  in  1885,  and  the  annual  cost  increased  from  228,3 16?. 
to  596,674Z.,  while  the  average  cost  per  mile  per  annum  decreased 
from  17Z.  6s.  in  1831  to  11Z.  12s.  in  1885.  This  is  a  very 
remarkable  and  significant  fact,  and  the  more  so  when  it  is 
considered  that  since  1834  the  turnpike  roads  and  the  main  roads 
under  the  Public  Works  Commissioners  have  been  included  in  the 
expenditure,  and  the  cost  for  labour  in  1834  being  only  6d.  per 
day  for  the  ordinary  wages  of  a  labourer,  and  Is.  6d.  per  day  in 
1885,  therefore,  if  the  cost  per  mile  in  1894  had  been  maintained 
and  the  increased  cost  of  labour  added,  the  expenditure  in  1885 
would  have  been  at  the  rate  of  more  than  1,000,000Z.  sterling  per 
annum  over  what  it  actually  was. 

There  is  no  doubt  that  a  great  deal  of  jobbery  and  corrupt 
practices  prevailed  in  the  expenditure  of  county  money  on  roads 
and  public  works  previous  to  the  appointment  of  county  sur- 
veyors, and  that  was  one  of  the  strongest  reasons  the  Government 
had  for  making  the  appointments,  and  not  leaving  it  to  any  local 
bodies  to  do  so ;  but  this  surveillance  and  check  against  jobbery 
makes  the  office  of  a  county  surveyor  often  very  unpleasant, 
because  there  are  constant  endeavours  made  to  get  private 
works,  and  also  works  which  are  wholly  the  business  of  other 
public  bodies,  carried  out  at  the  expense  of  the  county  rates,  and 
in  the  applications  for  such  works  they  are  always  purposely 
misdescribed,  veiled  and  obscured  in  such  a  manner  as  to  deceive 
anyone  not  acquainted  with  them  ;  so  that  when  the  county 
surveyor  gives  the  honest  and  straightforward  statement  he 
should  give,  which  reveals  the  nature  of  these  works,  he  is 
rewarded  by  the  strongest  resentment  from  the  parties  seeking  to 
obtain  them ;  this  would  not  matter  much,  but  unfortunately, 
these  are  generally  the  very  parties  who  have  it  in  their  power  to 
most  annoy  and  embarrass  a  county  surveyor,  both  personally  and 
in  the  discharge  of  his  duties,  and  sometimes  in  such  a  way  as  to 
make  it  almost  a  matter  of  impossibility  for  him  to  discharge  those 
duties,  and  very  seldom  will  any  effort  to  support  him  be  made  by 
those  whose  interests  he  has  safeguarded,  or  *whose  money  he  has 
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prevented  from  being  spent  for  private  purposes  or  squandered 
in  useless  and  extravagant  expenditures.  Such  is  the  extreme 
fear  and  desire  for  popularity  pervading  almost  all  classes,  that 
as  a  rule  they  will  not  do  anything  contrary  to  what  appears  to 
be  the  strongest  or  most  popular  side,  for  the  moment,  no  matter 
how  unjust  or  unreasonable  may  be  the  claims  put  forward  by 
such  party,  and  frequently  there  is  only  a  very  small  minority 
who  will  act  fearlessly,  independently  or  disinterestedly  in  matters 
of  public  business. 

County  surveyors  are  appointed  by  the  Lord  Lieutenant  of 
Ireland,  and  subject  to  approval  of  the  grand  juries,  in  accordance 
with  the  Act  25  and  26  Vic,  chap.  106,  under  which,  when  a 
vacancy  occurs,  the  Civil  Service  Commissioners,  as  soon  after  as 
convenient,  hold  an  open  competitive  examination  for  that  vacancy, 
or  for  such  vacancies  as  may  exist  at  the  time  of  holding  the 
examination ;  and  those  who  do  not  obtain  appointments,  but 
who  may  be  considered  as  qualified,  receive  certificates  of  being 
capable  to  act  temporarily  as  deputies  to  county  surveyors,  but 
have  no  claim  to  be  appointed  to  the  office  of  county  surveyor. 
There  is,  however,  a  Bill  just  now  before  Parliament,  to  enable 
the  Lord  Lieutenant  to  appoint  as  county  surveyor,  on  the 
occurrence  of  a  vacancy,  any  candidate  who  may  have  been 
certified  by  the  Civil  Service  Commissioners  as  qualified,  without 
holding  another  special  examination  for  the  purpose.  This  Bill 
would  be  a  step  backwards  to  the  arrangement  that  was  in  force 
under  a  former  Act,  and  which  was  found  not  satisfactory.  And  no 
doubt  if  the  present  Bill  passes,  a  much  lower  standard  of  merit 
and  efficiency  will  be  introduced,  and  those  lower  grade  candidates 
who  have  obtained  certificates  of  qualification  will  be  waiting 
and  hanging  on  to  any  or  every  sort  of  occupation,  or  perhaps 
remaining  idle  until  a  vacancy  occurs,  which  might  not  take  place 
for  many  years  after  their  certificates  were  granted,  and  until 
much  of  their  professional  knowledge  and  attainments  are  forgotten, 
as  they  will  probably  have  no  opportunities  of  keeping  up  the 
practice  of  their  profession  between  the  interval  of  obtaining  a 
certificate  and  the  date  at  which  a  vacancy  may  take  place.  These 
disadvantages  were  found  to  be  so  serious  in  the  old  Act  that  the 
subsequent  Acts  remedied  the  defects  which  it  is  now  proposed  to 
return  to. 

The  examinations  for  the  appointment  of  county  surveyor  are  of 
a  difficult  nature,  and  cover  a  wide  field  of  knowledge ;  they  are 
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divided  into  two  parts — Part  I.  Theoretical  and  Part  II.  Practical. 
There  is  an  interval  of  about  14  days  between  these  two  examina- 
tions, and  if  the  candidate  does  not  show  sufficient  proficiency  in 
Part  I.,  he  will  receive  a  notification  that  he  is  not  required  to 
attend  the  second  examination. 

The  subjects  comprised  in  Part  I.  are  Mathematics,  including 
Geometry,  Trigonometry,  Algebra,  Differential  and  Integral 
Calculus  and  Geometrical  Optics.  Maximum  number  of  marks 
100. 

Mechanical  Philosophy,  including  Statics  and  Dynamics,  Hydro- 
statics and  Hydraulics,  Pneumatics,  and  Heat  regarded  as  a  source 
of  power.    Maximum  number  of  marks  100. 

Experimental  Science,  including  Inorganic  Chemistry,  Heat, 
Electricity  and  Magnetism.    Maximum  number  of  marks  100. 

Geology  and  Mineralogy.    Maximum  number  of  marks  40. 

Part  II.  comprises  the  following  subjects,  viz.— Strength  and 
other  properties  of  materials,  and  the  calculations  of  stresses  and 
strains.    Maximum  number  of  marks  100. 

A.  Railway  and  Canal  Engineering.  Maximum  number  of 
marks  140. 

B.  Marine  Engineering,  including  Harbours,  Docks,  Sea  and 
Eeclamation  "Works.    Maximum  number  of  marks  140. 

C.  Hydraulic  Engineering,  including  Water  Supply,  Sewage  and 
Irrigation.    Maximum  number  of  marks  140. 

D.  County  works,  including  Architecture,  Eoads,  Drainage  and 
River  Works.    Maximum  number  of  marks  140. 

Total  maximum  number  of  marks  in  all  subjects  1000. 

Each  of  the  groups  lettered  A,  B,  C,  D,  to  include  Designs, 
Estimates,  Specifications,  and  the  Mechanical  Contrivances  con- 
nected with  it,  and  candidates  will  be  required  to  show  that  they 
have  been  engaged  in  the  practice  of  their  profession  on  adequate 
works  for  a  sufficient  time,  or  have  had  in  some  other  way 
satisfactory  opportunities  of  becoming  acquainted  with  the  practice 
of  their  profession.  The  examinations  are  held  in  Dublin,  and 
after  they  are  over  the  successful  candidate  is  subsequently 
required  to  furnish  proof  of  age,  health,  character  and  professional 
training,  all  of  which  matters  are  closely  and  strictly  inquired 
into. 

Counties  in  Ireland  are  divided  into  first,  second  and  third-class 
counties,  or  ridings  of  counties,  for  the  purpose  of  surveyorships, 
and  the  maximum  salaries  attached  are  600Z.,  500Z.,  400Z.,  for  each 
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class  respectively,  with  a  maximum  allowance  of  50Z.  per  annum, 
in  each  case,  for  the  expenses  of  an  office  and  salary  of  a  clerk, 
which  every  county  surveyor  is  required  to  keep.  The  duties  to 
be  discharged  are  of  exactly  the  same  nature  in  all  classes  of 
counties,  and  the  classification  does  not  seem  to  have  been  made  on 
any  clearly  fixed  bases  or  principles. 

The  county  surveyor  is  the  responsible  head  of  the  executive 
department  of  the  county  for  the  execution  of  all  county  works, 
and  has  control  over  the  expenditure  of  the  money  voted  for  those 
purposes :  he  is  allowed  a  certain  number  of  assistants,  so  many  as 
the  grand  jury  of  the  county  consider  necessary,  and  the  appoint- 
ment of  the  assistants  is  vested  in  him  ;  but  they  must  be  certified 
as  qualified  by  the  Irish  Board  of  Works,  who  hold  examinations 
for  this  purpose.  The  Bill,  however,  at  present  before  Parliament, 
previously  referred  to,  seeks  to  transfer  these  examinations  from 
the  Board  of  Works  to  the  Civil  Service  Commissioners.  The 
maximum  salary  of  an  assistant  at  present  is  80Z.  per  annum. 

The  duties  of  a  county  surveyor  comprise  surveying,  laying  out 
and  construction  of  all  new  roads,  streets  and  road  deviations  for 
county  purposes,  hill  cuttings  on  existing  roads,  filling  or  raising 
existing  roads,  draining  and  improving  same,  widening  and  re- 
pairing or  remaking  old  roads,  planning,  designing  and  constructing 
all  new  bridges,  tunnels,  viaducts  or  culverts  for  county  purposes, 
planning  and  designing  public  buildings  for  county  court  houses 
sessions  houses  or  other  public  county  purposes  ;  the  surpervision 
over  construction  of  tramways  or  light  railways  and  the  working 
of  same,  and  arbitrations  connected  therewith ;  planning,  designing, 
constructing  and  maintaining  piers  and  harbours  transferred  to 
counties  ;  maintaining,  repairing  and  keeping  in  order  all  roads 
that  are  under  the  county  presentments  for  maintenance  ;  the 
carrying  out  of  works  under  certain  Belief  of  Distress  Acts,  and 
such  other  duties  as  may  be  imposed  upon  him  from  time  to  time 
by  the  Lord  Lieutenant  or  any  Privy  Council  order. 

The  county  surveyor  is  deemed  to  be  the  conservator  of  all  the 
public  roads,  bridges  and  county  works  in  Ireland,  for  purposes  of 
various  Acts  of  Parliament  relating  thereto,  such  as  the  Grand 
Jury  Acts,  Highways  and  Locomotives  Acts,  Bailway  Clauses 
Consolidation  Act,  Land  Clauses  Consolidation  Acts,  Public  Health 
Acts,  Drainage  Acts,  Tramways  and  Light  Kailways  Acts,  Belief 
of  Distress  Acts,  the  Summary  Jurisdiction  Acts  and  other  general 
and  local  Acts.    A  county  surveyor  has  therefore  to  read  up 
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and  obtain  a  very  general  knowledge  of  all  the  various  Acts  as 
affecting  his  position  and  office,  and  the  acquisition  of  this  know- 
ledge requires  an  extensive  amount  of  legal  study,  which  he  will 
soon  find  out,  for  he  cannot  really  work  his  county  and  discharge 
his  duties  properly  without  such  knowledge ;  no  amount  of  skill 
in  his  own  profession  will  enable  him  to  ascertain  the  various 
duties  and  responsibilities  entailed  upon  him  by  such  Acts,  or  the 
duties  of  the  other  public  bodies  and  individuals  with  whom  he 
will  have  to  deal,  and  any  ignorance  on  his  part  may  be  readily 
taken  advantage  of  and  bring  him  into  serious  difficulties. 

Irish  counties  are  subdivided  into  territorial  divisions  called 
baronies,  for  each  of  which  a  Baronial  Presentment  Sessions  is 
held  twice  in  every  year,  and  all  works  proposed  to  be  carried  out 
at  the  expense  of  the  barony,  and  also  all  applications  for  payments 
on  foot  of  any  existing  contract  in  that  barony  must  be  made  at 
the  Baronial  Presentment  Sessions  for  the  barony  in  which  they 
are  situated.  Notice  of  intention  to  make  application  for  works  or 
payments  must  be  served  on  the  county  surveyor,  at  least  ten  days 
before  the  commencement  of  the  first  of  such  baronial  sessions  in 
the  county  ;  and  it  is  the  duty  of  the  county  surveyor  to  examine 
into  all  such  applications,  to  attend  every  baronial  sessions  in  each 
barony,  and  afford  all  necessary  professional  advice  and  assistance, 
and  give  estimates  for  the  cost  of  all  proposed  works  ;  and  for 
such  as  are  approved  of,  he  has  to  prepare  the  necessary  plans, 
specifications  and  forms  of  tender,  for  which  purpose  the  sessions 
are  adjourned  for  a  period  not  exceeding  thirty  days.  The 
specifications,  plans  and  forms  of  tender  must  be  ready  before  the 
period  fixed  for  holding  the  adjourned  sessions,  at  which  the 
tenders  are  received,  opened,  considered,  and  the  lowest  must  be 
accepted,  provided  it  is  considered  bond  fide,  and  that  the 
contractor  and  his  sureties  are  considered  sufficient.  In  all  cases 
of  county  contracts  below  the  amount  of  1000Z.,  the  contractor 
and  sureties  have  to  give  bonds,  jointly  and  severally,  for  double 
the  amount  of  the  contract,  but  if  the  amount  of  the  contract 
exceeds  1000Z.  then  bonds  are  required  for  a  sum  exceeding  the 
amount  of  the  contract  by  1000Z.  All  bonds  for  county  contracts 
are  taken  as  recognisances  to  the  Crown,  and  are  free  from  stamp 
duty.  After  contracts  have  been  entered  into  and  bonds  signed  at 
adjourned  sessions,  they  must  stand  over  till  the  ensuing  assizes 
in  order  that  they  may  come  before  the  grand  jury  for  approval, 
and  if  approved  of  by  that  body,  they  must  be  fiated  by  the  going 
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judge  of  assize  in  the  Crown  Court ;  they  then  become  duly 
authorised  and  lawful  "  Grand  J ury  Presentments  " ;  but  previous 
to  fiating,  any  ratepayer  or  interested  person  may  appear  before 
the  judge  at  assizes,  and,  subject  to  certain  conditions,  traverse  or 
oppose  any  of  such  presentments,  either  for  works  or  for  payments, 
and  such  application  will  be  heard  and  determined  upon  by  the 
court. 

In  proceedings  taken  against  contractors  for  breach  of  contract, 
the  county  surveyor  has  to  state  $  case  and  give  full  particulars  to 
the  Attorney-General,  and  obtain  his  fiat  before  suing  any  contractor 
or  his  sureties,  and  then  all  such  proceedings  must  be  taken  at 
the  Crown  side  of  the  court,  and  in  the  name  of  the  Attorney  - 
General. 

The  county  surveyor  is  required  to  attend  the  grand  jury  at 
each  assizes,  and  give  them  a  written  report,  which  they  must 
cause  to  be  read  in  open  court,  dealing  fully  with  all  the  appli- 
cations for  works  coming  before  them,  the  condition  of  all  contracts 
then  existing,  and  the  condition  of  public  buildings,  costs  and 
maintenance  of  roads,  correctness  of  maps,  plans,  specifications 
and  estimates,  and  the  utility  or  otherwise  of  proposed  works,  lists 
and  names  of  all  parties  prosecuted  by  him,  and  the  results  of  such 
prosecutions,  and  generally  on  all  matters  relating  to  the  office,  or 
which  may  be  given  into  his  charge  by  the  grand  jury  ;  and  he  is 
also  required  to  prepare  and  audit  all  accounts  of  such  expenditures 
and  certify  the  correctness  of  same,  and  whether  the  contractors 
have  conformed  to  the  provisions  of  the  Acts  and  laws  in  force  in 
Ireland,  and  if  they  are  entitled  to  payment,  and  how  far,  &c. 

In  cases  where  works  have  not  been  tendered  for  at  the 
adjourned  Baronial  Presentment  Sessions,  and  in  cases  where  the 
cost  of  any  work  is  likely  to  exceed  100/.,  the  grand  jury  are 
empowered  to  receive  tenders  at  assizes,  and  deal  with  them  in  the 
same  manner  as  at  the  adjourned  session,  and  if  no  tenders  are 
sent  in  the  grand  jury  have  power  to  give  such  works  into  the 
charge  of  the  county  surveyor,  directing  him  to  execute  them  at  a 
cost  not  exceeding  the  amounts  presented  therefor  at  the  Baronial 
Sessions,  and  all  such  expenditures  on  works  so  given  into  his 
charge,  he  must  account  for,  on  oath,  at  the  next  succeeding 
assizes. 

The  carrying  out  of  these  works  entails  a  very  onerous  and 
responsible  addition  to  the  duties  of  a  county  surveyor,  involving 
him  in  a  large  amount  of  extra  labour,  expenses  and  personal 
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liabilities,  and  for  which  he  does  not  receive  any  additional  salary, 
emolument  or  allowance  whatever,  and  in  some  cases  nearly  one- 
third  of  all  the  works  in  a  county  are  carried  out  directly  by  the 
county  surveyor. 

Under  the  Tramways  and  Light  Eailways  Acts,  the  duties  im- 
posed upon  a  county  surveyor  are  onerous  and  extensive.  He 
must  furnish  to  the  grand  jury  a  full  report  on  the  proposed  under- 
taking, as  set  forth  by  the  promoters,  giving  details  as  to  utility, 
probable  traffic,  suitability  of  route,  gauge,  construction,  interference 
with  or  use  of  roads,  necessary  provisions  and  conditions  to  be 
introduced,  and  all  general  information  required  to  enable  the 
grand  jury  to  form  a  sound  opinion  on  the  project,  and  when  any 
such  tramways  or  light  railways  are  decided  upon  to  be  constructed, 
he  has  to  keep  a  general  supervision  over  the  construction,  expen- 
diture, maintenance,  rolling  stock,  &c.  &c,  and  report  on  same  to 
the  grand  jury  at  each  assizes.  He  is  also  required  to  act  as  a 
joint  arbitrator  in  determining  what  are  the  amounts  of  the  gross 
receipts,  and  of  the  net  receipts,  if  any,  in  respect  of  the  tramway 
or  railway  in  each  half  year,  and  also  any  other  matters  necessary 
in  order  to  ascertain  the  amount,  if  any,  that  the  guaranteeing 
baronies  are  liable  to  contribute  towards  such  dividend,  or  towards 
the  expenses  of  working  and  maintaining  the  undertaking ;  and 
in  case  of  any  tramways  or  railways  constructed  under  this  Act, 
which  may  afterwards  come  into  the  hands  of  the  grand  juries,  the 
Lord  Lieutenant  has  the  power  to  direct  the  grand  jury  to  appoint 
a  committee  of  management  to  take  over  and  manage  the  line,  as  if 
they  were  the  original  promoters  within  the  meaning  of  the  Act, 
and,  pending  the  appointment  of  any  committee  of  management, 
the  Lord  Lieutenant  has  power  to  order  the  county  surveyor  to 
take  up  and  do  all  such  matters  and  things  as  a  committee  of 
management  might  do,  pending  the  appointment  of  same. 

From  the  foregoing  sketch  it  will  be  seen  that  the  office  and 
duties  of  a  county  surveyor  in  Ireland  are  of  a  very  extensive, 
onerous  and  complex  character,  and  cannot  be  properly  discharged 
without  a  varied  and  exceptional  amount  of  professional  knowledge, 
special  training,  tact  and  skill,  a  capacity  for  organisation,  and 
administrative  abilities. 

There  are  considerable  grievances  of  which  a  county  surveyor 
has  to  complain,  but  the  following  are  some  of  the  principal, 
viz. : — 

He  is  not  classed  as  a  civil  servant  of  the  Crown,  although 
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appointed  by  the  Irish  Viceroy  after  severe  competitive  examina- 
tions under  the  strictest  rules  and  regulations  of  the  Civil  Service. 

Although  appointed  by  Government  he  is  paid  by  the  grand 
jury,  and  his  salary  and  retiring  allowance  fixed  subject  to  the 
approval  of  the  ratepayers  with  whom  he  is  so  often  brought  into 
conflict  in  the  discharge  of  his  duties. 

He  can  be  dismissed  either  by  the  Lord  Lieutenant  or  by  the 
grand  jury,  and  if  he  changes  his  county,  or  is  removed  by  the 
Lord  Lieutenant  from  county  to  county,  he  loses  all  his  time  for 
pension,  except  that  spent  in  the  last  county  in  which  he  serves, 
and  that  period  must  be  at  least  ten  years  or  he  can  get  nothing. 

He  and  his  assistants  are  not  allowed  any  travelling  or  personal 
expenses  incurred  in  the  discharge  of  their  duties,  and  this  is  felt 
to  be  a  serious  grievance,  as  the  payment  of  their  expenses,  if  the 
duties  are  properly  discharged,  is  a  heavy  tax  upon  the  very 
moderate  salaries,  and  does  not  tend  to  encourage  the  efficient  dis- 
charge of  the  duties. 

The  ten-day  notice  served  on  a  county  surveyor,  of  intention  to 
apply  for  a  new  work,  is  quite  too  short,  as  hundreds  of  applica- 
tions may  be  made,  scattered  over  the  whole  area  of  a  large  county, 
and  two  days  out  of  the  ten  are  often  Sundays,  and  all  the  time  a 
county  surveyor  has  is  about  eight  days  to  examine  into  such  pro- 
posed works,  visit  the  localities,  get  all  necessary  information, 
and  make  out  estimates  of  the  cost.  The  notice  for  all  intended 
new  works  should  be  given  not  less  than  two  months  before  the 
period  fixed  for  holding  the  first  Baronial  Sessions. 

The  grand  jury  system  of  Ireland  has  been  well  described  as 
"  unique,"  and  correctly  so,  as  no  other  country  now  possesses  a 
local  tribunal  with  the  same  functions  and  duties.  The  system  is 
supposed  to  be  of  Norman  origin,  and  introduced  by  the  Norman 
barons  during  the  period  of  the  first  invasion  of  Ireland.  The 
first  mention  of  the  grand  jury  in  any  Irish  statute,  appears  in  the 
10  Charles  I.  chap.  26,  sec.  2,  in  the  year  1634,  which  directs 
inquiries  to  be  made  by  judges  of  assize  and  justices  of  the  peace, 
as  to  broken  and  decayed  bridges  and  roads,  and  the  said  justices, 
with  the  assent  of  the  grand  jury,  were  to  tax  every  inhabitant  of 
the  shire  or  baronry  reasonably  for  the  repair  of  same ;  also  two 
collectors  and  two  surveyors  were  to  be  appointed,  who  should 
account  at  public  sessions. 

From  this  period  up  till  the  year  1836,  numerous  Acts  were 
passed,  regulating  the  duties  and  functions  of  grand  juries,  but 
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these  Acts  became  obscure  and  complicated  from  their  multiplicity, 
and  therefore  they  were  revised,  consolidated  or  repealed  by  an 
Act  passed  in  the  reign  of  William  IV.  entitled  u  An  Act  to  con- 
solidate and  amend  the  laws  relating  to  the  Presentment  of  Public 
Money  by  Grand  Juries  in  Ireland.,,  This  Act  is  the  6  and  7 
Will.  IV.  chap.  116,  and  is  generally  known  as  the  Irish  Grand 
Jury  Act. 

Various  other  Acts  and  amendments  have  been  passed  since,  but 
this  is  the  Act  on  which  the  whole  constitution  and  working  of  the 
present  grand  jury  system  is  founded.  Prior  to  this  Act,  great 
powers  of  taxation  and  expenditure  had  been  vested  in  grand  juries } 
with  no  adequate  degree  of  responsibility  or  control,  but  by  this 
Act  their  powers  of  taxation  and  expenditure  have  been  almost 
entirely  removed,  although  the  general  and  popular  idea  still 
remains  that  the  grand  juries  are  non-representative  taxing 
bodies. 

The  grand  jury  panel  is  selected  by  the  sheriff,  who  is  liable 
to  such  fine  as  the  judge  of  assize  shall  think  fit  to  impose,  if  he 
does  not  put  first  on  the  list  one  representative  from  each  barony, 
who  shall  be  a  freeholder  of  not  less  value  than  50Z.  per  annum,  or 
a  leaseholder  of  not  less  value  than  100Z.  per  annum.  After  the 
barony  representatives  are  selected  the  sheriff  may  complete  the 
panel  himself ;  and  from  this  panel,  called  out  in  order  from  the  top, 
there  are  to  be  twenty-three  individuals  sworn,  to  constitute  the 
grand  jury  for  each  assizes. 

The  times  for  holding  the  Baronial  Presentment  Sessions  are  fixed 
by  the  grand  jury,  who  also  fix  the  number  of  associated  cess- 
payers,  which  must  not  be  more  than  twelve  or  less  than  five  for 
any  barony,  who,  in  conjunction  with  the  magistrates  of  each  dis- 
trict, are  to  constitute  the  Baronial  Session  Courts. 

For  the  purpose  of  electing  the  associated  cess-payers,  the 
collector  in  each  barony  of  the  county  furnishes  a  list  containing 
100  names  of  the  highest  ratepayers  in  the  barony,  and  from  these 
lists  the  grand  jury  elect  double  the  number  fixed  upon,  and  from 
these  names  the  number  fixed  upon  for  each  barony  are  drawn  by 
ballot  at  the  Baronial  Sessions,  and  those  so  drawn  take  their  seats 
with  the  magistrates  and  have  equal  powers.  Both  the  magistrates 
and  associated  cess-payers,  when  the  court  is  formed,  have  to  sign  a 
declaration  that  they  will  truly,  faithfully  and  impartially,  &c, 
inquire  into  and  determine  all  matters  brought  before  them,  under 
the  authority  of  the  Act. 
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The  Baronial  Presentment  Sessions,  thus  constituted,  form  the 
initial  courts  at  which  all  applications  for  expenditure  on  county 
works,  malicious  injuries,  and  other  matters  within  the  baronies 
are  heard  and  determined.  The  expenditures  which  are  levied  off 
the  whole  county  are  determined  in  a  similar  manner  and  by  a 
similar  court,  termed  the  "  Presentment  Sessions  Court  for  the 
County  at  Large,"  and  this  court  is  made  up  by  selecting  at  each 
baronial  court  one  of  the  associated  cess-payers  then  attending,  to 
act  in  a  similar  capacity  at  the  Presentment  Sessions  for  the  County 
at  Large,  to  be  held  in  the  county  court  house,  and  associated  with 
the  magistrates  attending  there. 

The  duties  and  functions  of  the  grand  jury  comprise  the  investi- 
gation into  all  the  presentments  passed  at  the  Baronial  Sessions, 
but  their  power  is  limited;  either  to  approve  of  or  reject,  any  such 
presentment ;  they  cannot,  except  in  the  case  of  malicious  injuries, 
either  add  to  or  increase  the  sums  approved  of  at  the  Presentment 
Sessions,  nor  can  they  initiate  any  work,  unless  for  repairs  caused 
by  sudden  damage,  and  that  it  is  proved  on  oath  that  great  public 
inconvenience  would  result  if  such  repairs  were  delayed  till  next 
assizes.  They  have  then  the  power  to  make  a  presentment  to  the 
county  surveyor,  and  direct  him  to  execute  the  necessary  repairs. 

They  can  also,  as  before  mentioned,  receive  tenders  and  enter 
into  contracts  for  those  works  which  were  duly  approved  of  at 
Baronial  Sessions,  but  not  then  tendered  for. 

They  have  to  rehear  the  evidence  in  malicious  in  jury  applications 
for  compensation,  and  they  have  power  to  vary  the  amounts 
allowed  at  Baronial  Sessions  for  these  cases,  and  if  they  consider 
the  evidence  is  sufficient,  they  can  allow  compensation  in  cases 
which  have  been  rejected  by  the  Baronial  Sessions. 

They  have  also  to  deal  with  the  applications  for  support  and 
maintenance  of  industrial  schools,  lunatic  asylums,  fever  hospitals, 
county  infirmaries,  part  of  the  police  expenses,  reformatories, 
coroners'  accounts,  Weights  and  Measures  Acts,  Food  and  Drugs 
Acts,  Parliamentary  Franchise  Acts,  Juries  (Ireland)  Acts, 
Valuation  Acts,  County  Officers  and  Courts  Acts,  Public  Works 
Loans  and  presentments  for  interest  payable  thereon,  Tramway 
and  Public  Companies  Acts,  and  in  fact  all  that  appertains  to  the 
fiscal  business  of  the  county ;  but  the  presentments  which  they  are 
empowered  to  make,  other  than  those  which  have  been  approved  of 
at  Baronial  Sessions,  are  few,  and  chiefly  imperative,  so  that  they 
have  no  option  in  such  cases,  and  the  amount  of  any  direct 
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taxation  imposed  by  the  grand  jury  would  be  an  insignificant  per- 
centage on  the  general  rates. 

The  grand  jury  must  meet  twice  each  year,  previous  to  the  time 
fixed  for  holding  assizes,  and  sit  daily  until  the  whole  of  the  fiscal 
business  is  disposed  of,  or  till  the  opening  of  assizes  by  the 
judges,  and  they  must  then  attend  in  the  Crown  Court,  and  be 
resworn  before  the  judge,  for  the  purpose  of  investigating  all  the 
criminal  charges  to  be  tried  at  the  assizes  and  finding  bills 
thereon.  The  judge  addresses  the  grand  jury  on  these  occasions, 
informing  them  of  the  number  of  cases  to  go  before  them,  and  of 
the  state  and  condition  of  the  county  generally,  after  which  the 
judge  then  proceeds  to  fiat  the  presentments  as  passed  at  the 
Baronial  Presentment  Sessions,  reviewed  and  approved  of  by  the 
grand  jury,  and  to  hear  and  determine  any  objections  or  traverse 
that  may  be  made  thereto. 

The  Local  Government  Board  auditor  for  each  district,  audits  all 
the  accounts  of  expenditure  in  counties,  examines  into  the  vouchers, 
hears  objections  to  any  items,  and  has  the  power  of  surcharging 
items  wrongly  charged  ;  he  presents  an  abstract  of  all  receipts  and 
expenditure,  together  with  a  report,  to  the  Local  Government 
Board,  who  furnish  a  copy  of  same  to  the  grand  jury  at  each 
assizes. 

The  author  has  had  a  long  experience  of  the  working  of  the 
Irish  grand  jury  system,  and  has  kept  a  careful  record  of  matters 
in  which  he  has  found  it  defective  and  requiring  amendment. 
These  matters  are  not  numerous,  some  of  them  very  slight,  and  all 
easy  to  be  remedied  by  moderate  amendments.  He  considers  that 
replacing  the  grand  jury  system  in  Ireland  by  county  council 
boards,  or  dividing  the  county  business  amongst  a  large  number  of 
local  bodies,  would  be  most  disastrous  to  the  best  interests  of  the 
country. 

The  grand  jury  system  of  Ireland  may  be  said  to  be  almost  an 
exact  miniature  of  the  British  Constitution.  First  there  is  the 
Baronial  Presentment  Court,  which  may  be  compared  to  the  House 
of  Commons,  where  all  the  applications  for  works,  ways  and  means 
are  made,  and  the  merits  of  every  application  heard,  discussed  and 
adjudicated  upon  by  a  mixed  assembly  consisting  of  elected  rate- 
payers and  local  justices.  The  results  of  their  votes  and  delibera- 
tions, in  the  form  of  presentments  (bills),  are  sent  up  to  the  grand 
jury,  who  may  be  compared  to  the  House  of  Lords,  and  who  review 
the  whole  proceedings  of  the  lower  tribunal,  and  either  reject  or 
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approve  of  same,  or,  in  the  exceptional  cases  mentioned,  alter  or 
modify  them.  Such  presentments  (bills)  as  thus  approved  of,  have 
afterwards  to  be  fiated  (receive  the  Eoyal  Assent)  by  Her  Majesty's 
judge  in  the  Crown  Court. 

On  the  whole  the  grand  jury  system  of  Ireland  has  worked  well 
in  that  country,  and  with  efficient  and  conscientious  county  officers, 
there  could  scarcely  be  a  better  system  for  the  conduct  of  the 
business  entrusted  to  it. 

The  author  has  now  tried  to  give  such  an  outline  of  the  subjects 
treated  as  will  convey  a  correct  impression  of  their  nature  and 
character. 

He  has  found  that  even  in  Ireland  itself,  comparatively  few 
people  know  almost  anything  about  these  matters,  a  few  vague 
and  popular,  but  wholly  erroneous  ideas,  seem  generally  to  exist, 
and  even  magistrates,  grand  jurors  and  associated  cess-payers 
depend  upon  the  county  officers  for  information  as  to  the  forms, 
routine  and  modes  of  procedure  prescribed  by  the  various  Acts  of 
Parliament  under  which  the  county  business  is  conducted. 


APPENDIX. 

NOTES  ON  PROPOSED  AMENDMENTS  AND  ALTERATIONS  OF 
GRAND  JURY  {IRELAND)  ACTS. 

Grand  juries  should  be  corporate  bodies,  capable  of  suing  and 
being  sued,  and  of  holding  property. 

Associated  cess-payers  should  be  wholly  elected  by  ballot  at  the 
Baronial  Sessions  from  lists  of  those  qualified. 

Powers  under  certain  circumstances  to  present  for  money  to 
purchase  or  hire  and  maintain  machinery,  plant,  tools,  &c,  for 
engineering  works,  and  for  making  borings  to  test  foundations  ;  and 
for  carrying  out  necessary  or  useful  experiments,  testing  materials, 
and  employment  of  clerks  of  works  on  certain  contracts. 

No  roads  should  be  made  or  maintained  by  public  county  rates 
that  do  not  lead  from  one  public  presented  road  to  another  public 
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presented  road,  and  that  are  not  available  for  general  use  of  public 
to  pass  completely  over  and  beyond  same  ;  and  no  road  forming  a 
cid  de  sacy  or  terminating  at  a  particular  house,  land  or  property 
should  be  admissible  for  being  made  or  maintained  out  of  the 
county  rates. 

No  road  to  be  made,  or  maintained  or  repaired  by  the  county  to 
be  less  than  16  feet  in  width  between  fences  or  boundaries  at  each 
gide. 

Grand  juries  to  have  complete  ownership  and  custody  of  county 
court  houses,  session  houses,  and  all  other  court-houses  throughout 
the  county,  and  the  appointment  or  dismissal  of  all  court  keepers 
and  caretakers. 

All  applications  for  new  works  intended  to  be  made  at  Baronial 
Sessions,  should  be  notified  (and  truly,  clearly  and  properly  de- 
scribed in  such  notice)  to  the  county  surveyor,  at  least  one  month 
before  the  holding  of  the  first  Baronial  Sessions  in  the  county  for 
that  term ;  and  any  serious  error  or  misdescription  in  the  notice 
of  the  intended  work  should  disqualify  it  from  being  heard  at 
Baronial  Sessions. 

In  all  applications  for  new  roads,  hill  cuttings,  filling,  new 
buildings,  &c,  such  applications  should  be  accompanied  by  plans 
and  sections,  made  by  some  qualified  surveyor  or  engineer,  and  a 
tracing  or  copy  of  such  should  be  served  along  with  the  notice 
given  to  the  county  surveyor. 

Baronial  Sessions  or  grand  juries  not  to  "  present "  for  money  to 
execute  any  work  at  the  expense  of  the  county  rates,  where  the 
duty  of  executing  or  carrying  out  such  works  is  provided  for  and 
duly  authorised  by  any  Act  of  Parliament,  other  than  the  Grand 
Jury  Acts,  and  where  any  road,  bridge  or  any  other  county  work 
whatsoever,  is  injured,  obstructed  or  injuriously  affected  in  any 
way,  by  the  default  of  any  persons  or  of  any  public  body  neglecting 
or  refusing  to  carry  out  the  duties  imposed  upon  them  by  any 
Act  of  Parliament,  or  under  which  they  are  authorised  to  carry  out 
any  such  necessary  works  or  duties,  and  have  made  default  in 
doing  so,  it  should  be  lawful  for  the  grand  jury,  county  surveyor 
or  county  contractor  to  apply  at  Quarter  Sessions  to  the  County 
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Court  Judge  for  an  order  to  compel  such  defaulting  persons  or 
bodies  or  corporations  to  proceed,  with  all  due  despatch,  to  carry 
out  their  duties  as  required  by  such  Act  or  Acts  before  mentioned. 

Grand  juries  should  be  owners  in  fee  of  the  soil  of  the  public 
roads,  so  long  as  such  continue  to  be  public  roads  maintained  by 
grand  jury  presentment,  and  should  be  invested  with  sufficient 
powers  to  prevent  any  such  road  from  being  undermined  by 
rabbits,  and  to  prevent  any  road  from  being  injured  by  sinking,  or 
widening  streams  or  drains,  making  water-courses,  cutting  out  bogs, 
or  doing  any  other  work  which  would  injuriously  affect  such  road, 
whether  said  works  be  upon  or  within  any  ancient  fence,  or 
within  any  distance  from  such  road,  unless,  and  provided,  every- 
thing that  may  be  necessary  for  the  protection  and  prevention  of 
injury  to  any  such  road  be  done  and  executed  to  the  satisfaction  of 
the  county  surveyor,  or  to  the  certified  approval  of  the  grand 
TO 

The  Baronial  Sessions,  and  the  grand  juries,  should  have  a  larger 
discretionary  power  in  accepting  tenders,  and  not  necessarily  be 
compelled  to  accept  the  lowest  tender,  and  the  grand  jury  to  have 
power  to  reject  a  tender,  if  made  or  accepted  improperly  at  the 
Baronial  Sessions,  or  if  evidence  of  insolvency,  incapacity,  or  other 
sufficient  reason,  against  either  the  contractor  or  his  sureties,  be 
shown  at  assizes,  which  did  not  appear  at  sessions,  or  had  occurred 
during  the  interval  between  sessions  and  assizes. 

All  contractors  and  their  sureties  to  be  sworn  as  to  their 
means  and  solvency  to  meet  the  amounts  of  their  bonds,  and 
execute  their  contracts  in  conformity  therewith  before  their  tenders 
are  accepted. 

Powers  to  county  surveyors  and  contractors  to  enter  upon  any 
lands  for  building  or  repairing  bridges,  walls,  or  any  other  county 
work,  and  doing  everything  necessary  for  the  maintenance  of  any 
such  work,  and  compensation  for  all  surface  damage  done  to  the 
occupier  of  such  lands  or  premises  as  shall  be  assessed  by  three 
arbitrators ;  one  named  by  surveyor  or  contractor,  one  named  by 
any  neighbouring  justice  of  the  peace,  and  one  by  the  occupier  of 
such  lands  or  premises,  to  be  paid  to  such  occupier  out  of  general 
funds,  on  arbitrator's  award  and  certificate  of  county  surveyor. 
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The  salaries  of  county  surveyors  should  be  the  full  amounts  of 
the  sums  mentioned  in  the  Act ;  and  counties,  &c,  reclassified  for 
this  purpose,  and  the  salaries  paid  independently  of  any  grand 
juries  or  Baronial  Sessions  boards. 

Salaries  and  office  allowances  of  county  surveyors  should  be  paid 
direct  by  the  Government  out  of  the  consolidated  funds,  or  out  of 
the  probate  duty  or  other  grants  made  for  public  purposes  to 
Ireland,  or  each  county  should  be  required  to  pay  into  the  Imperial 
Exchequer  an  annual  sum  towards  the  salary  and  allowance  of  the 
county  surveyor,  and  for  a  fund  to  provide  for  a  superannuation 
fund,  out  of  which  the  pensions  or  retiring  allowances  of  county 
surveyors  should  be  paid. 

The  whole  time  served  by  any  county  surveyor,  in  any  county, 
should  be  calculated  as  service  towards  pension  or  superannuation, 
with  ten  years  added,  in  accordance  to  Civil  Service  Superannua- 
tion Act,  for  special  knowledge  and  acquirements  obtained  previous 
to  appointment.  The  length  of  service  in  each  county,  and  the 
proportion  of  pension  payable  by  such  county,  to  be  calculated  on  the 
salary  paid  for  such  county,  and  the  amount  for  the  ten  years  added, 
to  be  drawn  from  the  general  sinking  fund  paid  by  all  the  counties. 

County  surveyors  should  be  allowed  an  annual  sum,  to  be 
presented  for  directly  by  grand  juries,  without  any  previous  appli- 
cation to  sessions,  of  Is.  per  mile  for  each  mile  of  road  under 
maintenance  and  repair,  each  half  year,  at  each  assizes,  towards 
paying  for  travelling  expenses. 

All  personal  expenses,  and  costs  incurred  by  a  county  surveyor 
in  connection  with  legal  proceedings,  in  or  on  behalf  of  the 
public  business  of  the  county,  should  be  included  and  payable  to 
him,  as  legal  expenses  incurred,  provided  all  such  costs  and 
expenses  are  duly  and  properly  taxed,  together  with  other  law 
expenses  of  the  county,  by  the  proper  taxing  master  appointed  for 
this  purpose. 

The  salaries  of  county  surveyor's  assistants  should  be  fixed  at 
100Z.  per  annum,  and  a  travelling  allowance  of  8d.  per  mile  each 
half  year,  for  every  mile  of  road  maintained  and  repaired  by  the 
county  within  their  districts. 
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Grand  juries  should  have  power  to  superannuate  any  county 
surveyor's  assistant  in  accordance  with  the  Superannuation  Act, 
1859.  And  any  county  surveyor  or  his  assistant  should  have  the 
option  of  retiring  on  attaining  the  age  of  sixty  years. 

County  surveyors  should  be  recognised  as  high  class  civil  servants 
of  the  Crown,  and  the  maximum  pensions  allowed  under  the  pro- 
visions of  the  Civil  Service  Superannuation  Act,  1859. 

More  extended  powers  should  be  given  to  grand  juries  and 
county  surveyors,  to  secure  a  better  control  and  supervision  over 
the  construction  and  working  of  baronial  guaranteed  railways  and 
tramways. 

Powers  should  be  given  to  pay  out  of  the  general  county  funds, 
incidental  and  extraordinary  expenditures,  such  as  the  expense  of 
executing  any  work  ordered  to  be  executed  by  the  county  surveyor 
under  the  orders  of  any  Court  of  Justice,  either  against  a  defaulting 
contractor,  tramway  or  railway  company,  or  any  other  party.  The 
law  in  this  respect  at  present  is  most  defective,  as  work  can  be 
ordered  to  be  done  by  the  county  surveyor  at  the  expense  of  the 
defaulting  party,  and  expense  to  be  levied  off  same ;  but  no  funds 
are  given  to  the  county  surveyor,  he  has  to  raise  and  spend  the 
money  himself,  and  proceed  by  warrant  of  distress  to  recover  his 
costs  and  expenditure,  and  in  some  cases  there  are  no  assets  or 
property  worth  anything;  and  the  sheriff  does  not  execute  the 
warrants  of  magistrates,  they  are  executed  by  the  parties  obtaining 
them,  with  the  assistance  of  the  police.  The  county  surveyor 
should  be  relieved  from  all  such  duties,  which  should  be  carried 
out  by  the  legal  department  of  the  county. 


DISCUSSION. 

Mr.  Hooley  :  As  an  English  county  surveyor  I  have  very  great 
pleasure  in  proposing  a  vote  of  thanks  to  our  Irish  brother  for  his 
paper  on  Irish  county  surveyorships  and  the  grand  jury  system  of 
Ireland.  I  think  it  will  be  a  very  good  paper  to  take  home  and 
read.  I  am  afraid  a  great  many  of  us  have  not  been  able  to  grasp 
the  difficulties  of  Irish  county  surveyors,  but  I  may  say,  so  far  as  I 
have  seen  and  can  understand  the  system,  I  am  very  glad  I  am  not 
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an  Irish  county  surveyor.  Mr.  Sanders  rather  seems  desirous  to 
set  up  county  councils  with  one  hand  and  to  knock  them  over  with 
the  other.  He  also  appears  to  think  that  if  this  system  of  com- 
petitive examination  was  done  away  with  there  would  be  a  lower 
standard  of  merit  introduced.  I  do  not  like  the  idea  that  the 
county  surveyors  in  England  are  of  a  lower  standard  than  our 
Irish  brethren.  A  great  many  of  the  difficulties  referred  to  in  the 
paper  seem  to  be  very  similar  to  what  we  have  in  England.  No 
papers  will  do  any  good ;  it  takes  time  and  patience  to  get  over 
these  difficulties.  I  notice  that  the  county  surveyor  has  to  state  a 
case  and  give  particulars  for  the  Attorney-General.  Is  there  no 
clerk  of  the  peace  or  legal  adviser  to  do  it  ?  Mr.  Sanders  considers 
the  grand  juries  should  be  corporate  bodies,  capable  of  suing  and 
being  sued.  If  you  make  them  that,  you  make  them  county 
councils,  and  yet  he  seems  to  object  to  having  any  different  system 
to  what  is  in  existence  at  the  present  moment. 

Mr.  James  Eobinson  :  I  have  much  pleasure  in  seconding  the 
vote  of  thanks  to  Mr.  Sanders.  I  am  sure  we  are  all  indebted  to 
him  for  coming  so  far,  and  taking  the  trouble  to  prepare  so 
elaborate  a  paper  and  reading  it  to  us  to-day.  I  feel  like 
Mr.  Hooley,  I  can  congratulate  myself  in  not  being  under  that 
system.  When  I  look  at  page  254  and  see  the  list  of  subjects  which 
have  to  be  passed  in  examination  before  you  can  become  a  member 
of  that  body,  it  rather  alarms  me.  I  look  further  and  expect  to 
find  a  high  standard  of  salary  for  all  that  work,  but  from  what 
I  see  of  the  salaries  I  do  not  think  the  standard  of  remuneration  is 
in  conformity  with  the  requirements  of  the  position.  If  there  is 
reform  I  hope  it  will  be  in  that  direction.  In  Ireland  they  seem 
to  be  very  careful  to  guard  against  loss.  Contract  bonds  have  to 
be  entered  into,  and  security  has  to  be  given  for  double  the  amount 
of  the  contract.  Either  contractors  must  be  a  very  poor  body  and 
not  to  be  trusted,  or  the  public  authorities  are  very  careful  to  guard 
against  loss.  It  is  difficult  to  discuss  this  paper  in  detail,  and  we 
cannot  well  compare  the  system  in  England  with  that  in  Ireland, 
for  in  England  there  are  no  two  counties  governed  alike  in  details, 
and  I  should  be  occupying  time  unnecessarily  if  I  went  into  it. 

Mr.  J.  T.  Eayrs:  I  am  exceedingly  obliged  to  our  Member 
from  Ireland  for  having  given  us  the  history  of  the  grand  jury 
system.  There  is  no  doubt  a  great  deal  of  ignorance  on  this 
subject  amongst  English  Members,  and  we  are  not  quite  aware  of 
the  conditions  under  which  county  surveyors  in  Ireland  hold  their 
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appointments.  I  am  quite  sure  that  this  paper  is  so  full  of 
information  that  a  study  of  it  at  home  will  considerably  enlighten 
us  as  to  how  they  carry  on  work  in  Ireland.  It  does  seem  a  very 
complex  system,  and  one  in  which  there  is  a  great  deal  of  un- 
necessary trouble  and  routine.  With  regard  to  the  question  of 
examination,  I  am  of  opinion  that  county  surveyors  and  indeed  all 
surveyors  should  pass  an  examination.  I  shall  be  very  glad  to  see 
the  day  when  it  will  be  compulsory  for  surveyors  to  pass  an 
examination  before  holding  a  chief  appointment,  because  it  will 
entirely  raise  the  tone  of  the  profession.  Mr.  Hooley  does  not 
like  to  be  considered  inferior  to  his  Irish  brethren,  and  I  am  sure 
Mr.  Sanders  had  no  wish  to  cast  any  reflection  upon  his  English 
colleagues.  With  appointments  in  England,  both  county  council 
and  municipal  authorities  are  very  fickle ;  they  do  not  know  their 
own  minds  two  minutes  together,  and  are  often  biassed  by  outside 
considerations.  With  regard  to  the  appointments  of  Irish  county 
surveyors  the  public  do  get  a  man  who  is  thoroughly  qualified — 
and  that  is  the  great  thing  to  obtain.  With  regard  to  fixity  of 
tenure,  we  in  England  are  subject  to  the  whims  of  our  authorities, 
whereas  the  county  surveyors  in  Ireland  cannot  be  discharged  by 
the  grand  jury  without  the  consent  of  the  Lord  Lieutenant.  In 
fact  he  becomes  a  semi-civil  servant.  I  am  quite  sure  a  Lord 
Lieutenant  would  not  remove  a  man  without  carefully  looking  into 
the  matter  of  complaint  against  him  and  being  satisfied  of  the 
justice  of  so  doing.  There  is  no  doubt  there  will  be  some  form  of 
local  goverement  in  Ireland  which  will  adopt  some  of  the  principles 
already  in  operation  in  England,  while  retaining  the  best  points  in 
the  present  form  of  Irish  county  government.  I  think  we  are  all 
very  much  indebted  to  Mr.  Sanders  for  his  paper. 

The  President  :  I  can  quite  endorse  the  remarks  of  the  pro- 
poser and  seconder  of  the  vote  of  thanks  to  Mr.  Sanders.  The 
paper  seems  to  be  one  of  reference ;  in  fact  is  an  epitome  of  in- 
formation. I  am  sure  the  paper  will  be  very  interesting,  and  of 
great  value  to  our  Irish  Members  when  incorporated  in  the  Pro- 
ceedings and  printed  in  the  volume. 

The  vote  of  thanks  having  been  accorded  with  unanimity, 
Mr.  E.  B.  Sanders,  in  replying  to  the  discussion,  said  :  I  thank 
you  very  much  for  your  kind  reception  of  the  paper,  and  for  the 
hearty  vote  of  •  thanks  accorded  to  me.  Mr.  Hooley  rather 
misunderstood  part  of  the  paper  when  he  said  I  advocated  county 
councils  on  one  side  and  disapproved  of  them  on  the  other;  I 
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think  he  will  find  his  remarks  are  not  borne  out  in  the  paper.  In 
fact  the  grand  jury  system  in  Ireland  is  a  limited  county  council 
system  at  present.  But  the  grand  jury  as  a  court  of  review  is  a 
higher  authority  than  the  district  board,  and  it  is  a  very  necessary 
thing  in  Ireland  to  have  such  a  court  of  review.  As  to  the  point 
mentioned  regarding  a  lower  standard  of  county  surveyors,  nothing 
was  further  from  my  intention  than  to  cast  any  reflection  upon 
English  county  surveyors.  What  I  meant  with  regard  to  the 
examinations  was  that  at  present  only  those  men  who  take  the  top 
places,  and  have  the  necessary  practical  qualifications,  obtain  the 
appointments.  If  there  is  only  one  appointment,  it  is  the  top  man 
in  the  examinations,  provided  he  is  otherwise  fully  qualified, 
who  gets  it.  Under  the  Bill  now  before  Parliament,  if  there  were 
20  candidates  and  the  Civil  Service  Commissioners  certified  15  out 
of  the  20  as  qualified,  perhaps  the  lower  candidates  who  passed 
would  not  get  more  than  half  the  marks  of  the  first,  or  have  more 
than  half  the  practical  qualifications,  and  might  only  get  the 
appointments  after  years  of  waiting.  This  was  the  case  in  the 
past  under  the  old  Act,  where  a  man  after  being  certified  sometimes 
went  out  to  the  colonies  and  remained  for  years  there,  and  then 
came  back  to  receive  an  appointment,  although  he  might  not  have 
been  occupied  while  abroad  at  his  profession  as  an  engineer.  At 
present  it  is  an  open  competition  for  every  appointment,  but  it  is 
only  the  highest  qualified  man  who  gets  it.  This  is  what  I  meant 
when  I  alluded  to  introducing  a  lower  standard  of  efficiency. 
With  regard  to  stating  a  case  for  the  Attorney-General,  the  county 
surveyor  has  to  fill  up  certain  forms.  It  cannot  be  done  by  the 
clerk  of  the  peace  or  any  one  else.  He  must  give  his  reasons  for 
proceedings  to  be  taken  on  any  contract,  the  points  where  the 
contractor  has  failed,  and  what  method  he  has  taken  to  try  and 
induce  the  fulfilment  of  the  contract.  All  these  have  to  be  care- 
fully stated  and  signed  by  the  surveyor  and  submitted  to  the 
Attorney-General.  As  to  the  grand  juries  being  corporate  bodies, 
they  are  not  corporate  bodies  at  present,  and  very  great  difficulties 
arise  in  consequence.  They  cannot  hold  property  as  a  corporation, 
or  sue  or  be  sued  as  a  corporation.  The  consequence  is  that  the 
county  surveyor  or  the  contractors  are  the  only  tangible  persons 
who  can  be  laid  hands  upon  in  the  county  when  the  grand  jury  are 
not  sitting,  and  it  entails  a  great  deal  of  responsibility.  Actions  are 
frequently  brought  against  county  surveyors  if  an  accident  occurs : 
if  a  rabbit  burrows  a  hole  under  the  road,  and  a  horse  breaks  his  leg 
in  it,  the  owner  will  likely  bring  an  action  against  the  county 
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surveyor.  Then  with  regard  to  Mr.  Bobinson's  remarks — I  regret 
very  much  that  salaries  are  not  adequate  to  the  position  and 
responsibilities ;  the  subjects  for  examination  are  very  numerous, 
but  all  are  necessary,  and  few  candidates  would  have  a  chance  who 
had  not  had  a  successful,  if  not  a  distinguished,  university  career. 
Most  of  the  county  surveyors  under  the  25th  and  26th  Victoria  are 
university  men,  and  men  who  have  been  distinguished  at  their 
universities.  Under  ordinary  circumstances  county  surveyors  are 
allowed  to  take  private  practice,  and  that  sometimes  adds  to  the 
remuneration ;  but  under  the  recent  Acts  a  surveyor  who  takes 
private  practice  may  lose  his  claim  to  superannuation.  The  amount 
of  the  security  for  contracts  seems  excessive,  but  it  cannot  be  altered 
unless  the  law  is  altered,  as  it  is  fixed  by  statute.  With  regard  to 
Mr.  Eayrs'  remarks — the  duties  are  certainly  very  complex  and 
difficult,  and  require  a  good  deal  of  study  and  thought.  As  to 
fixity  of  tenure,  it  is  more  or  less  fixity  of  tenure ;  but  there  is 
nothing  to  prevent  the  Lord  Lieutenant  dismissing  a  county  sur- 
veyor without  reason,  although  I  believe  such  has  never  been  done, 
but  he  can  remove  him  from  one  county  to  another  if  the  grand 
jury  do  not  like  him,  under  very  unfair  conditions,  and  that  was 
done  in  one  or  two  cases.  I  am  very  sorry  there  are  no  other 
Irish  county  surveyors  present ;  but  next  week  the  assizes  com- 
mence in  Ireland,  otherwise  there  might  have  been  perhaps  twenty 
Irish  surveyors  present.  In  fact  the  time  is  so  inconvenient  for 
us  to  attend  that  I  have  been  doing  county  work  while  I  have 
been  over  here,  as  the  assizes  in  my  county  commence  next  week. 
The  object  of  the  paper  was  to  give  some  correct  idea  of  the  Irish 
system,  which  is  very  imperfectly  understood  even  in  Ireland,  and 
not  at  all  in  England,  and  also  that  it  might  be  useful  to 
candidates  for  these  appointments,  as  at  our  examinations  there  are 
often  candidates  who  have  graduated  from  Oxford  and  Cambridge 
and  London  Universities,  as  well  as  from  the  Scotch  and  Irish 
Universities,  and  I  know  when  I  took  up  my  duties  I  had  much 
difficulty  in  obtaining  information  as  to  the  system  and  routine, 
and  I  should  have  been  glad  to  have  obtained  it  in  this  form.  I 
think  if  county  surveyors  in  Ireland  would  put  their  shoulders  to 
the  wheel  and  prepare  a  short  Bill,  there  would  be  no  great  diffi- 
culty in  getting  matters  remedied  which  are  a  real  grievance  to 
them.  Many  Irish  county  surveyors  have  now  joined  this  Associa- 
tion, and  as  you  have  promised  us  Parliamentary  assistance,  I  hope 
the  paper  may  also  be  useful  to  refer  to  if  at  any  time  the  Associa- 
tion are  dealing  with  questions  affecting  Irish  county  surveyors. 
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MAINTENANCE  OF  MAIN  ROADS  IN 
URBAN  DISTRICTS. 

By  J.  E.  SWINDLEHUKST,  Assoc.  M.  Inst.  C.E., 
Borough  EncxINeer  and  Surveyor,  Burton-on-Trent. 

In  laying  before  you  the  following  observations  on  the  question 
of  the  maintenance  and  management  of  main  roads  in  non-county 
boroughs  and  other  urban  districts,  the  writer  does  so  with  con- 
siderable diffidence,  in  view  of  the  great  differences  of  opinion 
which  appear  to  exist  between  the  county  authorities  and  urban 
authorities  in  many  parts  of  the  country  as  to  the  interpretation  of 
certain  portions  of  the  Local  Government  Act  of  1888. 

The  fact  that  these  differences  do  exist  to  a  very  large  extent, 
and  that  in  consequence  much  friction  has  ensued  between  the 
respective  authorities,  present,  however,  a  reason  for  inviting 
consideration  to  this  important  question. 

These  differences,  as  will  presently  be  shown,  appear  to  be 
partly  of  a  legal  and  partly  of  a  practical  character.  With  the 
former  of  these  we  are  not  at  present  concerned,  but  with  regard 
to  the  latter  it  would  surely  be  difficult  to  find  gentlemen  better 
qualified  to  offer  valuable  opinions  than  can  be  found  within  the 
ranks  of  our  Association. 

It  is  therefore  with  this  object  that  the  question  is  submitted,  in 
the  hope  that,  at  least  so  far  as  the  practical  aspect  is  concerned,  it 
may  be  possible  to  promote  a  better  understanding  than  at  present 
seems  to  exist  between  the  advisers  of  the  county  and  urban 
authorities  respectively. 

When  the  Highways  and  Locomotives  Act  of  1878  was  passed, 
certain  roads  in  the  county  were  maintained  by  the  turnpike 
trustees.  By  this  Act  main  roads  were  created,  and  on  the 
expiration  of  the  turnpike  trusts  became  highways  repairable  out  of 
the  rates. 

By  this  arrangement  the  liability  for  many  miles  of  road  was 
thrown  upon  the  highway  authorities,  which  had  to  be  maintained 
largely  for  the  purpose  of  through  traffic.  To  relieve  such 
authorities  the  counties  under  this  Act  were  required  to  pay  out  of 
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the  general  county  rate  one-half  the  cost  of  the  maintenance  of 
such  roads,  and  the  Government  paid  one-quarter  further,  leaving 
only  one-quarter  to  be  borne  locally. 

By  the  passing  of  the  Local  Government  Act  of  1888,  sec.  11 
(1)  "  Every  road  in  a  county  which  is  for  the  time  being  a  main 
road  within  the  meaning  of  the  Highways  and  Locomotives 
(Amendment)  Act,  1878  .  .  .  shall  ...  be  wholly  maintained  or 
repaired  by  the  council  of  the  county  in  which  such  road  is  situate, 
.  .  .  and  the  execution  of  this  section  shall  be  a  general  county 
purpose,  and  the  costs  thereof  shall  be  charged  to  the  General  County 
Account ;  (2)  provided  that  any  urban  authority  may,  within  twelve 
months  after  the  appointed  day  .  .  .  claim  to  retain  the  powers  and 
duties  of  maintaining  and  repairing  a  main  road  within  the  district 
of  such  authority  .  .  .  and  the  council  shall  make  to  such  authority 
an  annual  payment  towards  the  costs  of  the  maintenance  and  repair, 
and  reasonable  improvement  connected  with  the  maintenance  and 
repair  of  such  road/' 

Now,  why  was  the  power  given  to  the  urban  authorities  to 
maintain  these  roads  within  their  districts  should  they  so  choose  ? 
Probably  one  reason  was  the  objection  there  is  to  having  two  road 
authorities  in  the  same  district.  Another  reason  may  have  been 
that  it  is  no  doubt  to  the  advantage  of  the  local  authorities  to  have 
the  power  of  dealing  with  roads  and  breaking  them  up  if  necessary 
without  the  interference  of  another  authority.  A  further  reason 
which  might  be  suggested  is  that  it  was  considered  that  the  urban 
authorities  were,  from  their  circumstances,  in  a  better  position  to 
deal  with  this  work  more  satisfactorily  within  their  own  districts 
than  the  county  authority  could  possibly  be. 

Whatever  the  reasons  may  have  been  for  this  power  being 
granted,  it  is  certain  that — so  far,  at  least,  as  the  writer  is  aware — 
urban  authorities  universally  have  claimed  to  maintain  the  main 
roads  within  their  own  districts. 

Urban  authorities  having  claimed  to  exercise  this  option,  the 
county  councils  very  naturally  are  concerned  that  the  expenditure 
within  the  urban  districts  shall  be  fairly  and  reasonably  incurred. 

This  the  county  councils  are  no  doubt  in  duty  bound  to  do  to 
protect  their  funds,  in  like  manner  that  the  urban  authorities  are 
bound  to  protect  their  local  funds,  and  with  this  position,  so  long 
as  it  is  carried  out  in  a  fair  and  reasonable  spirit,  no  possible  fault 
can  be  found. 

But,  unfortunately,  very  different  ideas  appear  to  exist  as  to 
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what  is  fair  and  reasonable  in  regard  to  these  expenses,  and  conse- 
quently much  antagonism  and  friction  has  resulted  which  had 
certainly  been  better  avoided. 

It  is  contended  on  the  one  hand  that  the  intention  of  the  Act 
was,  that  not  only  should  the  urban  authorities  be  entitled  to 
retain  the  main  roads  under  their  control,  but  that  they  are  also 
entitled  to  be  repaid  the  whole  cost  of  the  labour  and  materials 
expended  on  such  roads  in  so  doing,  and  in  the  reasonable  improve- 
ment connected  with  such  maintenance  and  repair. 

Certain  county  councils,  on  the  other  hand,  contend  that  they  are 
liable  only  for  a  payment  towards  the  cost  of  the  maintenance  and 
repair,  and  not  for  the  whole  amount  expended  on  the  road  by  the 
local  authorities.  It  has  been  contended  by  at  least  one  important 
county  that  the  "  proper  legal  cost  as  against  the  person  who  had 
to  pay  it "  ought  to  be  based  on  "  the  cost  of  the  main  roads  of  the 
county  up  to  the  boundary  of  the  urban  district,  and  that  this 
should  be  the  test  of  the  cost  for  through  purposes  of  the  road 
inside  the  district,  and  that  any  additional  cost  which  the  local 
authority  found  necessary  must  be  caused  by  local  traffic  and  not 
by  main  road  traffic,  and  this  excess  of 'cost  the  county  ought  not 
to  be  called  upon  to  pay." 

It  is  certain  that  the  latter  view  is  far  too  narrow.  Urban  roads, 
from  their  position  and  the  circumstances  of  their  surroundings, 
require  and  must  receive  more  attention  than  the  ordinary  rural 
roads  of  any  county.  And  even  if  the  urban  authorities  had  not 
claimed  to  retain  the  control  of  the  roads,  the  county  councils 
would  have  been  called  upon  to  recognise  this  difference,  and  to  act 
upon  it ;  public  opinion  would  have  compelled  it. 

That  the  county  councils  could  maintain  the  roads  in  urban 
districts  more  efficiently  than  the  local  authorities  is  practically  out 
of  the  question,  whilst,  in  the  writer's  opinion,  even  if  equal 
efficiency  were  possible,  it  would  only  be  at  a  greatly  enhanced 
cost.  And  whilst  any  extravagance  or  unreasonable  expenditure 
on  the  part  of  urban  authorities  is  to  be  deprecated,  it  is  sub- 
mitted, with  all  deference  to  the  county  surveyors,  that  the  urban 
authority's  judgment  in  regard  to  the  requirements  of  the  roads  in 
its  particular  district  is  certainly  not  second  to  that  of  the  county 
council. 

With  widely  divergent  views,  such  as  have  been  mentioned,  it  is 
not  astonishing  that  many  county  and  urban  authorities  have 
failed  to  come  to  terms. 
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It  is  quite  true  that  in  a  great  many  counties  not  a  single 
reference  to  the  arbitration  of  the  Local  Government  Board  has 
been  necessary,  and  this  is  a  pleasing  fact  and  creditable  alike  to 
the  county  and  the  urban  authorities. 

In  many  of  these  cases  it  would  seem  that  the  amount  to  be  paid 
has  been  agreed  upon  on  the  basis  of 

1.  An  average  expenditure  of  a  given  number  of  previous  years. 

2.  An  estimate  agreed  upon  by  the  county  and  local  surveyors. 

3.  The  actual  expenditure  incurred  by  the  local  authority  has 
been  refunded  in  full ;  or 

4.  A  compromise  has  been  effected. 

As  regards  the  first  of  these  methods  of  arriving  at  what  is  a 
fair  and  reasonable  sum  for  the  maintenance  of  the  roads  within 
any  urban  district,  there  can  be  no  doubt  that  even  when  the 
average  is  taken  over  a  sufficiently  lengthy  period  it  is  still  open  to 
much  uncertainty,  whilst  if  the  period  is  a  short  one  only  of,  say 
three  years,  it  is  frequently  open  to  much  objection  and  hence 
cannot  be  considered  satisfactory. 

This  conclusion  is  based  on  the  writer's  experience  in  various 
urban  districts.  In  a  northern  county  where  the  county  council 
made  offers  based  on  the  average  expenditure  of  three  preceding 
years,  it  happened  that  in  a  particular  district,  where  the  writer 
then  was,  the  expenditure  on  main  roads  pending  the  laying  of 
tramways  and  the  carrying  out  of  a  sewerage  scheme,  which  were 
intended  to  traverse  these  roads,  had  been  kept  as  low  as  possible  ; 
one  of  these  lines  of  roads  passing  the  boundary  of  the  district 
in  question,  extended  into  the  neighbouring  authority's  district 
where  no  such  reasons  existed  and  where  the  expenditure  on  the 
road  had  been  increased  by  extraordinary  works.  Under  this 
system,  on  the  same  line  of  road  under  precisely  similar  con- 
ditions in  every  respect,  on  one  side  the  boundary  the  county  paid 
300Z.  per  mile,  whilst  on  the  other  side  of  the  boundary  180Z.  per 
mile  was  paid,  and  this  is  no  doubt  but  a  typical  case  of  many. 

The  second  method  is  open  to  possibly  less  objection,  but  even  in 
this  case  it  would  appear  to  be  equally  difficult  for  the  respective 
surveyors  to  settle  the  basis  of  an  estimate  as  to  settle  a  claim 
based  on  the  actual  expenditure,  whilst  the  result  would  possibly 
be  even  less  favourable  to  the  county,  inasmuch  as  the  local  sur- 
veyor would  feel  it  incumbent  to  include  for  all  contingencies  in  an 
estimate  which  was  to  be  binding  upon  him,  and  hence  to  make  the 
estimate  large  enough. 

t  2 
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Of  course,  if  in  conjunction  with  such  an  estimate  some  basis  in 
the  shape  of  a  schedule  of  prices  could  be  agreed  to  for  additions 
or  deductions,  the  objections  would  be  lessened  and  the  result  might 
be  satisfactory  to  both  sides,  as  is  proved  by  the  success  which  has 
attended  this  system. 

As  regards  the  third  and  fourth  methods  mentioned,  the  various 
works  required  on  the  roads  in  any  particular  district  from  year  to 
year,  are  to  a  large  extent  governed  by  many  circumstances 
outside  the  control  of  either  the  county  or  local  authorities. 

That  the  weather  is  a  factor  which  enters  largely  into  these 
calculations  as  affecting  the  expenditure  is  well  understood.  Again, 
the  traffic  from  outside  a  district  may  increase  very  largely  within 
a  short  period,  as  from  the  opening  up  of  new  works,  &c,  or  causes 
of  a  like  nature. 

All  these  are  matters  which  demand  careful  consideration,  and 
from  a  local  authority's  point  of  view  render  it  undesirable  that 
any  risk  should  be  incurred. 

For  the  foregoing  reasons,  therefore,  it  would  appear  that  the 
most  reasonable  method  of  arrangement  as  between  the  premier 
authority  and  the  local  authority  is  that  the  latter  shall  be  paid 
each  year  the  actual  expenditure  incurred,  provided  of  course  that 
this  expenditure  has  been  in  accordance  with  the  fair  and  reasonable 
requirements  of  the  case. 

If  the  authorities  find  it  impossible  to  agree,  but  one  course  is 
open,  and  that  is  to  refer  the  matter  to  the  arbitration  of  the  Local 
Government  Board,  under  the  provisions  of  the  Act. 

Not  fewer  than  seventy-one  authorities  have  appealed  to  the 
Local  Government  Board,  and  arbitrations  have  been  held  since  the 
Act  came  into  force.  Of  these  seventy-one  authorities  thirty  are 
non-county  boroughs. 

In  many  of  these  places  appeals  for  more  than  one  year  have 
been  made  so  that  not  fewer  than  eighty-one  cases  have  been  in 
dispute,  whilst  many  more  are  now  pending.  These  appeals 
represent  twenty-seven  counties. 

These  figures  furnish  some  idea  of  the  importance  of  this 
question  to  the  non-county  boroughs  and  local  board  districts,  and  of 
the  amount  of  discontent  which  has  resulted,  for  the  actual  appeals 
represent  probably  only  a  small  percentage  as  compared  with 
cases  which  have  been  subsequently  settled  after  more  or  less 
trouble. 

In  maintaining  urban  roads  certain  classes  of  work  are  required 
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to  a  greater  or  less  extent.  Broadly  speaking  the  work  may  be 
classed  under  the  heads  of  materials,  and  team  and  manual 
labour, and  embraces  (1)  Ordinary  works  of  renewals  and  repairs; 
(2)  Scavenging ;  (3)  Watering  ;  (4)  Footpaths ;  (5)  Drainage  and 
general  works ;  incident  to  these  being  (6)  Plant,  carts,  &c. ; 
(7)  Establishment  charges ;  whilst  in  some  cases  also  (8)  Special 
works  and  improvements  have  also  to  be  undertaken. 

Much  uncertainty  appears  to  have  existed  upon  the  question  of 
"  What  works  is  a  local  authority  entitled  to  charge  for  as  against 
the  county  in  respect  to  the  maintenance  and  repair  of  the  main 
roads  within  an  urban  district  ? " 

With  a  view  to  ascertain  as  far  as  possible  the  practice  on  this 
matter  of  the  various  authorities  in  those  places  where  arbitrations 
have  been  held,  and  at  the  same  time  to  obtain  the  results  of 
these  arbitrations,  the  following  questions  were  sent  round  a  short 
time  ago : 

1.  Name  of  district  ? 

2.  Length  of  main  roads  within  district  ? 

3.  Length  of  other  highways  within  district  ? 

4.  Have  you  appealed  to  the  Local  Government  Board  to 
arbitrate  in  respect  to  the  amount  to  be  paid  by  the  county  council 
towards  the  main  roads  in  your  borough  ?  If  so,  what  year's 
expenditure  ? 

5.  (a)  Total  amount  of  claim,  (b)  Amount  awarded  by  the 
Local  Government  Board,  (c)  Did  the  county  council  make  any 
offer  with  a  view  to  settlement  ?    If  so,  what  amount  ? 

6.  Did  the  arbitration  have  reference  to  the  whole  claim,  or 
only  to  part  of  the  same  ?    Please  give  points  in  dispute. 

7.  Did  your  claim  include  for 

(a)  Scavenging ;  (b)  Watering ;  (c)  Establishment  charges ; 
(d)  Footpath ;  (e)  Improvements  ;  (/)  Plant,  carts,  &c.  ? 

8.  In  your  arbitration  was  any  question  raised  as  to  keeping  a 
separate  staff  for  main  roads  ?    Do  you  do  this  ? 

To  these  questions  replies  from  fifty-four  districts  have  very 
kindly  been  returned,  and  these  have  been  carefully  tabulated. 
The  result  is,  however,  unfortunately  too  unwieldy  to  embody  in 
this  paper,  and  therefore  a  condensed  summary  is  attached 
(Appendix,  Nos.  1  and  2). 

From  these  replies  it  is  gathered  that  in  many  cases  urban 
authorities  consider  they  are  entitled  to  claim  for  work  done  under 
all  the  heads  named.    In  some  cases  street  watering  is  not  included 
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in  the  main  road  claim  ;  and  in  others  establishment  charges 
are  omitted.  Some  districts  omit  one  item  and  some  another, 
whilst  some  omit  two  or  three,  the  result  showing  a  general 
element  of  doubt. 

Not  only  does  this  uncertainty  exist  amongst  urban  authori- 
ties, but  the  practice  of  county  councils  in  recognising  their 
liability  in  respect  to  these  works  when  charged  for  is  equally  at 
variance. 

Under  these  circumstances,  therefore,  it  is  not  surprising  to  find 
that  appeals  to  the  Local  Government  Board  have  been  so 
frequent. 

Many  differences  have  no  doubt  arisen  in  the  past  owing  to  this 
uncertainty  and  varying  practice,  and  it  becomes,  therefore,  very 
desirable  to  agree  at  least  upon  some  common  basis  as  to  what 
items  of  expenditure  may  reasonably  be  included  in  a  main  road 
claim. 

The  awards  of  the  Local  Government  Board,  from  a  sufficient 
reason  no  doubt,  do  not  show  any  details  as  to  how  the  amount  is 
made  up,  and  consequently  we  are  left  in  some  degree  of  doubt  as 
to  the  precise  principles  which  have  governed  these  awards.  This 
is  to  be  regretted  on  many  grounds,  not  the  least  of  which  is  that 
the  awards  having  been  made  after  an  exhaustive  investigation 
into  all  the  circumstances  of  each  case,  and  in  effect  representing, 
as  to  the  practical  points  at  issue,  the  opinion  of  as  eminent  an 
authority  as  Mr.  T.  Codrington,  M.I.C.E.,  would  be  of  the  highest 
value  to  the  parties  concerned,  and  would,  in  fact,  become  at  once  a 
standard  of  reference  for  each  authority. 

From  a  careful  consideration  of  the  tabulated  replies  before 
referred  to,  it  is  found  possible  to  arrive  at  certain  conclusions 
which  are  probably  not  wide  of  the  truth,  and,  without  pursuing 
the  matter  in  detail,  it  may  be  stated  that  certain  claims  which 
have  included  expenditure  under  all  the  heads  mentioned  have 
been  awarded  in  full,  whilst  in  several  others  the  amount  allowed 
has  been  very  near  the  amount  claimed. 

This  would  show  that  fair  expenditure  under  the  whole  of  these 
heads  is  considered  "  to  be  a  reasonable  and  legitimate  charge  in 
the  maintenance  of  urban  main  roads  as  against  the  county." 

It  is  scarcely  possible  within  the  limits  of  this  paper  to  enter 
into  the  question  as  to  what  may  be  considered  reasonable  ex- 
penditure on  urban  roads  under  the  various  heads  named.  The 
subject  is  much  too  wide  and  important  to  be  dealt  with  briefly,  and 
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would  demand  separate  consideration,  for  it  is  fully  recognised  that 
it  is  misleading  and  unsafe  to  dogmatise  on  matters  of  this  kind. 

There  are,  however,  two  or  three  further  points  which  it  may  be 
well  to  mention. 

Footpaths. — First  in  respect  to  footpaths.  In  several  counties 
it  is  still  the  practice  of  the  county  councils  to  altogether  repudiate 
liability  in  respect  to  expenditure  on  footpaths.  This  fact  is  merely 
mentioned,  as  the  question  is  purely  a  legal  one,  the  law  as  it  at 
present  stands  being  clearly  against  this  contention.  Hence  the 
Local  Government  Board  awards  allow  expenditure  in  respect  to 
footpaths. 

Improvements. — Another  important  matter  which  more  or  less 
affects  most  urban  authorities  is  the  question  of  "  reasonable  im- 
provements." This  appears  to  be  a  particularly  vexed  question. 
By  the  term  "  improvements  "  the  writer  understands  works  which 
do  not  come  within  the  ordinary  term  "  maintenance  and  repair," 
as,  for  instance,  alterations  to  the  structure  of  the  road  surface,  or 
any  alteration  in  respect  to  the  level  or  width  of  roadways  or  foot- 
paths, the  substitution  of  one  class  of  paving  for  another,  and 
works  of  a  similar  nature.  It  has  evidently  been  the  practice  of 
the  Local  Government  Board  to  award  local  authorities  one-half 
the  cost  of  "  improvements,"  and  in  view  of  this  fact  the  recent 
decision  as  to  the  rights  of  local  authorities  in  respect  to  main  roads 
assumes  a  very  important  aspect. 

The  case  referred  to  is  that  of  the  Marlborough  Town  Council  v. 
the  County  Council  of  Wiltshire,  and  it  was  decided  on  January 
26,  1894,  by  the  Lord  Chief  Justice  and  Mr.  Justice  Day.  It 
decided,  in  fact,  that  "  the  obligation  of  the  County  Council  under 
Section  11 — (2)  and  (3),  is  to  repay  to  the  Borough  the  actual 
cost  (assuming  it  to  be  reasonably  and  properly  incurred)  of  the 
maintenance,  repair  and  reasonable  improvement  of  main  roads 
during  any  year,  whether  such  cost  be  normal  or  increased  by 
reasonable  improvements  connected  with  maintenance  and  repair, 
and  whether  it  be  defrayed  by  the  Borough  out  of  current  rates 
or  by  means  of  a  loan." 

What  effect  this  decision  will  have  on  future  awards  remains  to 
be  seen. 

Management. — A  further  point  affecting  the  maintenance  of 
main  roads  by  urban  authorities,  and  one  which  it  is  important  to 
consider,  as  it  frequently  arises,  is  the  question  of  the  management 
of  the  roads. 
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Some  people  tell  us  that  the  only  method  of  working  main  roads 
which  can  be  satisfactory  to  the  county  council  is  for  the  local 
authority  to  keep  a  separate  and  distinct  staff  of  men  and  teams, 
with  separate  tools,  plant,  &c,  for  service  only  on  the  main 
roads,  and  it  is  insisted  that  unless  this  is  done  it  is  not  possible 
for  the  local  authorities  to  properly  keep  the  expenditure  on 
the  main  roads  as  distinct  from  other  district  roads.  Now  what 
would  be  the  effect  of  this  ?  It  means  that  everything  in  con- 
nection with  the  main  roads  must  be  kept  for  main  road  purposes 
simply. 

This  system  may  be  all  very  well  on  the  rural  roads,  but  for 
urban  roads,  often  heavily  trafficked  and  passing  through  a  busy 
town,  it  is  very  different.  Many  authorities  have  only  a  compara- 
tively short  length  of  main  roads,  and  to  carry  out  this  system 
would  entail  much  greater  expense. 

Mr.  Howard  Smith,  Assoc.  M.  Inst.  C.E.,  the  City  Surveyor  of 
Carlisle,  has  recently  issued  a  valuable  tabulated  statement  of  replies 
from  eighty-one  non-county  boroughs  where  main  roads  exist. 
From  this  statement  we  find  that  gangs  of  scavengers  are  engaged 
solely  on  main  roads  in  eight  only  of  these  places,  whilst  three  only 
keep  watering  vans  solely  for  use  on  main  roads.  It  will  be  seen 
from  this  that  the  almost  universal  practice  is  opposed  to  the 
keeping  of  a  separate  staff  for  main  roads. 

The  writer  has  the  management  of  the  whole  of  the  roads 
within  the  borough  of  Burton-upon-Trent,  the  largest  non-county 
borough  in  Staffordshire.  There  are  8  •  76  miles  of  main  roads,  and 
29  •  87  miles  of  other  district  roads  within  the  borough.  It  will 
be  seen  from  the  Appendix,  No.  1,  that  it  was  found  necessary  to 
appeal  to  arbitration  in  respect  to  the  main  road  claim  for  the  year 
ending  1891.  As  a  result  of  this  appeal  the  local  authority  was 
awarded  92  per  cent,  of  the  total  amended  claim,  99  per  cent,  of 
the  claim  originally  rendered  to  the  county,  and  which  the  authority 
was  prepared  to  accept. 

Unfortunately  it  is  found  necessary  to  again  appeal  for  two 
other  years'  expenditure,  and  this  we  are  sorry  to  say  seems  to  be 
the  lot  of  at  least  seven  other  non-county  boroughs  of  Stafford- 
shire. 

The  main  roads  in  Burton  are  maintained  by  the  same  staff  of 
men,  and  the  same  plant,  &c,  is  used  as  on  the  other  roads.  The 
system  is  as  follows : — The  borough  is  divided  into  districts ;  a  road 
foreman  has  charge  of  the  men  engaged  in  a  particular  district. 
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The  workman  each  night  gives  to  the  foreman  particulars  of  the 
time  he  has  made,  and  where  and  how  he  has  been  employed  ;  the 
foreman  makes  out  a  time  sheet  daily,  showing  this  information  in 
respect  to  each  labourer  and  team  employed,  and  also  what 
material  has  been  used  and  for  what  purpose.  Separate 
spaces  are  provided  on  the  sheet,  in  which  are  entered  in  their 
proper  columns  the  time  and  material  expended  on  each  main 
road.  These  sheets  are  inspected  by  the  writer  each  morning,  and 
then  handed  on  to  the  wages  and  stock  clerk,  and  after  being 
checked  and  moneyed  out  by  the  clerk  having  charge  of  the  main 
roads  accounts,  are  entered  in  great  detail  in  the  main  roads  ledger, 
each  class  of  work  being  kept  in  a  separate  column.  The  actual 
time  made  and  material  used  on  each  main  road  is  thus  carefully 
kept  each  day,  and  the  cost  of  the  roads  clearly  shown  day  by  day 
in  the  ledger  kept  for  the  purpose. 

This  is  mentioned  thus  fully  to  show  the  care  which  is  taken  to 
get  a  perfectly  true  and  faithful  record  of  the  main  road  expendi- 
ture. In  fact  the  course  adopted  is  to  so  conduct  the  whole 
operation  of  main  road  management  in  the  district,  not  only  in 
respect  to  the  carrying  out  of  the  work,  but  also  as  to  the 
supervision,  the  keeping  of  the  accounts,  and  the  preparation  of  the 
claim,  always  having  in  view  the  possibility  of  dispute,  and  recog- 
nising that  the  whole  matter  may  have  to  be  thrashed  out  before 
an  impartial  and  severe  critic.  This  will  be  found  at  once  a  safe 
and  satisfactory  method,  and  wherever  it  is  adopted  there  need  be 
little  said  as  to  the  keeping  of  a  separate  staff  on  main  roads. 

Appended  are  the  headings  of  the  book  forms  used  in  Burton, 
and  in  view  of  the  great  detail  which  is  now  required  at  our  hands 
in  respect  to  these  accounts,  they  may  be  useful  as  illustrating  a 
system  which  has  been  found  perfectly  satisfactory,  and  one  also 
which,  if  carried  out,  will  enable  the  information  required  in  the 
elaborate  form  recently  devised  by  Mr.  Codrington  to  be  given  with 
a  minimum  of  trouble. 

It  will  be  seen  that  under  the  system  described  the  actual  cost 
of  the  main  roads  is  kept.  There  is,  however,  a  single  exception 
where  the  charge  is  estimated,  and  that  is  in  respect  to  the  cost 
for  new  tools,  as  the  same  tools  are  used  on  both  main  and  district 
roads.  The  amount,  however,  is  so  insignificant  that  it  may 
almost  be  disregarded.  So  far  as  the  cost  of  the  carts,  &c,  is 
concerned,  this  is  included  in  the  charge  per  day  made  for  the 
team-work,  while  the  picks  and  other  tools  repaired  are  shown 
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daily  on  the  foreman's  sheet,  and  the  actual  expenditure  on  these 
is  charged  each  day. 

The  writer  would  beg  to  thank  those  gentlemen  who  have  so 
kindly  furnished  him  with  information  as  to  recent  arbitrations  and 
in  other  respects,  and  in  concluding  these  few  observations  it  is 
hoped  that  it  may  be  the  means  of  opening  a  discussion  from 
which  some  advance  may  be  made  towards  a  better  understanding 
on  what  is  certainly  a  troublesome  question. 

If  it  is  the  means  of  bringing  the  county  surveyors  more  closely 
in  touch  with  their  colleagues  representing  urban  authorities,  and 
thus,  by  promoting  a  better  understanding,  be  the  means  of 
arriving  at  a  common  basis  from  which  some  compromise  may 
result  satisfactory  alike  to  the  representatives  of  both  aspects  of 
the  question,  the  writer  will  be  more  than  repaid. 

This  paper  is  accompanied  by  certain  tabulated  statements  and 
forms  (pp.  283-87). 

[These  tabulated  statements  are  here  given  as  amended.  See 
Mr.  Swindlehurst's  reply  to  the  discussion. — Ed.] 


MAINTENANCE  OF  MAIN  ROADS  IN  URBAN  DISTRICTS.  283 


APPENDIX  No.  1. 


Arbitrations  in  Non-County  Boroughs. 


Name 
of  Borough. 

Length 

of 
Main 
Roads. 

Length  of 

other 
Highways. 

Amount 
submitted  to 
Arbitration. 

Amount 
awarded  by 
L.  G.  B. 

Percent- 
age of 
Allowance 
by  L.  G.  B. 
on  Total 
Claim. 

Remarks. 

Abingdon 

miles 
1-91 

miles. 
7 

£ 
400 

s. 
0 

d. 
0 

£  s. 

d. 

Settled  with  County 
Council  for  £330. 

Banbury  . . 

8-75' 

12  '90 
(about) 

863 

12 

7 

863  12 

7 

100 

Bangor 

•975 

16} 

'90 

103 

0 

0 

91  10 

0 

89 

Bournemouth 

3-61 

60  '90 
(about) 

3887 

6 

5 

2608  7 

8 

67 

Burslem    . . 

9-25 

10 

'91 

2719 

16 

3 

2378  7 

6 

87 

Burton  -  on  - 
Trent 

8*76 

29-08 

'91 

2529    17  7 
(original 
claim 
2361   16  11) 

2334  19 

6 

92 
99  of 

r»  vi  cri  n  o  1 
UXlglLlctl 

claim. 

Cambridge 

7*75 

27 

'92 

2285 

0 

5 

award 
not  yet 
received. 

Footpaths  principally  in 
dispute. 

Carlisle 

2-02 

32 

'90 

431 

0 

1 

234  2 

2 

54 

4-06) 
froml 
Feb  [ 
7,'9lJ 

'91 

'92 
'93 

757 
1690 
1509 

0 
19 
17 

3 
0 

8 

382     9  11 
\  award  not 
/yet  received. 

50 

Dunstable . . 

2 

'91 

740 

10 

11 

490  19 

4 

66 

Footpaths  principally  in 
dispute. 

Glastonbury 

5-52 

40 

'90 

327 

3 

6 

338  11 

10 

103 

Hereford  . . 

16 

34 

'92 

2869 

5 

4 

2050  0 

0 

71 

Ilkeston    . . 

3-25 

20 

'90 
'91 1 
'92/ 

1376 
2594 

0 
0 

0 
0 

1014     0  0 
(  award  not 
\yet  received. 

74 

King's  Lynn 

9-62 

23 

'91 

1959 

9 

0 

1612  5 

3 

83 

Lichfield  .. 

4-25 

24 

'91 

451 

0 

5 

444  18 

2 

99 

Footpaths  only  in  dis- 
pute. 

Longton   . . 

6*31 

15-18 

'91 

1535 

7 

4 

1412  7 

0 

92 

Louth       •  • 

7 

12 

'90 

673 

2 

8 

619  19 

0 

92 

Maidstone . . 

10 

30 

'91 

233 

9 

4 

179  16 

11 

77 

Middleton . . 

7-16 

12-24 

'90 

2119 

7 

8 

1954  4 

6 

92 

Newbury  . . 

7 

'92,  claimed 
expended 

'93,  claimed 
expended 

1175  0 
1367  17 

1200  0 
1497  11 

i 

1203  8 
1324  0 

10 

3 

88 

of  expen- 
diture. 

88 

of  expen- 
diture. 
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APPENDIX  No.  1.— continued. 


Name 
of  Borough. 

Length 
of 
Main 
Roads. 

Length  of 

other 
Highways. 

Amount 
submitted  to 
Arbitration. 

Amount 
awarded  by 
L.  G.  B. 

Percent- 
Allowance 
by  L.  G.  B. 

on  Total 
Claim. 

Remarks. 

Penzance  .. 

miles. 
1 

(about) 

miles. 

8  '93 
(about) 

£  s. 
653  14 

d. 
6 

£  s. 
405  13 

d. 
6 

62 

Stafford 

•78 

19 

'92 

736  0 

4 

604  14 

8 

82 

Footpaths  only  in  dis- 
pute. 

Stoke— upon- 
Trent 

t 

13 

'91 

1893  19 

0 

1661  10 

3 

08 

field 

A.  L  to 

100 

'91 

2066  13 

3 

1418  18 

2 

Taunton  . . 

5 

8 

'91 

1100  0 

(about) 

0 

1100  0 

(about) 

0 

100 

Truro 

6-38 

10 

'90 

126  18  11 

Half 

50 

Improvements  only. 

Wednesbury 

3-25 

23 

'91 

718    3  10 

670  19 

4 

94 

APPENDIX  No.  2. 

Arbitrations  in  Local  Board  and  Urban  Districts. 


|  Name 
of  District. 

Length 

of 
Main 
Roads. 

Length  of 
other  Roads. 

Amount 
submitted  to 
Arbitration. 

Amount 
Awarded  by 
L.  G.  B. 

Percent- 
age of 
Allowance 
by  L.  G.  B. 
on  Total 
Claim. 

Remarks. 

Aylesbury    . . 

miles. 
5-65 

miles. 

'90 

£      s.  d. 
778    4  10 

£     s.  d. 
654  13  2 

84 

B  art on-on- 
Humber 

4-725 

10-57 

'90 

368  14  8 

371  18  3 

101 

"  This  was  the  award 
(37U  188.  3d.).  The 
Local  Govt.  Board 
declined  to  state  how 
they  had  made  out 
the  award  for  a  larger 
sum  than  the  claim, 
or  what  principle  they 
had  gone  upon." 

Buglawton  . . 

4-01 

'91 

165    0  6 

165   0  6 

100 

Clayton -le- 
Moors 

2-54 

1 

'92 

692  10  0 

643  19  4 

93 

Cowpen.. 

2-88 

1-75 

'93 

600    0  0 
(about) 

Not  yet 
awarded. 

Dulverton 

22-25 

199-25 

'91 

456  15  4 

456  15  4 

100 

Fulwood 

•80 

15 

Not  stated 

240    0  0 

Grays  Thurrock 

2-93 

3 

91 

'92 

1364  16  5 
1557    7  6 

862  15  11 
1268    1  2 

63 
81 
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Name 
of  District. 

Length 

of 
Main 
Roads. 

Length  of 
other  Roads. 

Amount 
submitted  to 
Arbitration. 

Amount 
Awarded  by 
L.  Gr.  B. 

Percent- 
age of 
Allowance 
by  L.  Gr.  B. 
on  Total 
Claim. 

Remarks. 

Uandsworth  . . 
Han  well 

miles." 

D  O  t  O 

2 

miles. 
26 

7*5 

'91 

£      s.  d. 
2300    0  0 

Improvem 

£  s. 
2162  15 

ents  only 

d. 
0 

uo 

50 

Footpaths  only  in  dis- 
pute. 

Hitchin.. 

2-25 

22 

'91 

761 

15 

8 

723 

19  10 

95 

Holbeach 

12 

86 

'90 

215 

13 

0 

183 

17 

0 

85 

Hornsey 

2-79 

'91 

4098 

0 

0 

3221 

5 

0 

79 

Claim  included  a  con- 
siderable amount  for 
improvements  and 

Footpaths  only  in  dis- 
pute. 

Leek 

3-42 

11 

'91 

'93 

568 
641 

18 
13 

10 
0 

556  1 

Not  yet 
awardec 

0 

98 

Levenshulme 

1 

'90 
2i  '92 
(about) 

369 
407 

18 

2 

9 
9 

367  0 
Not  yet 
awarded 

0 

99 

Llandudno   . . 

1-33 

16-85 

'90 

12a 

0 

0 

70 

0 

0 

58 

Lower  Brixham 

1-04 

4-17 

'90 
'91 
'90 
'91 

154 
160 
159 
156 

17 

2 
5 
15 

0 

3 
6 
5 

129 
131 
112 
118 

4 
15 
18 

4 

9 
5 
1 

6 

84  \ 

CO  1 

oZ  ) 

70  \ 
7b  ) 

Urban  district. 
Rural  district. 

March  . .     . . 

15-71 

35-25 

'92 

1018 

16 

1 

486 

7 

0 

48 

For  footways  only. 

Market  Kasen 

1-5 

5 

'90 

128    5  0J 

(claim 
amended) 

140 

3 

0 

109 

"  The  extra  being  allowed 
for  watering  and  es- 
tablishment charges." 

Kadstock 

2-61 

4 

'90 

312 

19 

8 

321 

16 

2 

103 

Romford 

2e5 

10 

'91 
'92 

|l806 

15 

5 

1526 

8 

6 

84 

Bowley  Kegis 

8-15 

24-82 

'91 

1402 

8 

11 

1266 

1 

1 

90 

Spalding      •  • 

13-5 

51-5 

'90 
'91 
'92 

1244 
1447 
1670 

9 
8 
1 

5 
7 
2 

989 
1148 
1395 

6 
19 
0 

4 
4 
5 

79 
79 
84 

Sutton  Bridge 

1-87 

14-5 

'90 

127 

11 

3 

109 

3 

2 

86 

Tettenhall 

"3-41 

'91 

606 

3 

10 

550 

6 

4 

91 

Uxbridge 

2 

10 

'91 

636 

11 

6 

600 

14 

1 

94 

Wallsend 

1-25 

'90 
'91 

508 
448 

18 
16 

8 
11 

399 
387 

1  2 
18  10 

79 
S6 

Walthamstow 

7-75 

30 

'92 

3506 

14 

3 

2824 

19 

9 

81 

Witham 

9 

12 

'92 

607 

19 

3 

667 

0 

3 

Claim  amended  when 
before  arbitrator  as  a 
heavy  item  for  granite 
had  been  omitted. 
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DISCUSSION. 

Mr.  James  Eobinson  :  As  one  of  the  county  surveyors,  perhaps  I 
may  be  permitted  to  open  the  discussion  on  this  paper,  and  in  doing 
so  I  recognise  very  fully  the  fair  spirit  and  non-contentious  manner 
in  which  it  is  prepared.  I  join  with  the  author  in  the  hope  which 
is  expressed  in  the  last  paragraph  as  to  bringing  county  and  urban 
surveyors  more  closely  in  touch  with  each  other  on  this  matter. 
Now,  whatever  the  reason  may  have  been  which  influenced  the  legis- 
lature, the  result  is  that  the  counties  have  to  provide  the  means  for 
the  maintenance  of  the  urban  main  roads.  The  county  authorities 
have  to  consider  the  interest  of  their  county  ratepayers,  and  therefore 
they  must  most  critically  examine  the  claims  the  urban  authorities 
submit  to  them.  To  show  how  necessary  it  is  that  these  claims 
should  be  critically  examined,  I  may  mention  that  in  Hampshire 
the  urban  expenditure,  which  was,  before  the  coming  into  operation 
of  the  Local  Government  Act,  80Z.  per  mile,  is  now  double,  and  as 
the  counties  have  to  provide  for  that  increased  expenditure,  I  say  it 
is  very  necessary  they  should  examine  critically  such  expenditure. 
In  Hampshire  we  go  upon  the  basis  named  in  the  paper — number 
two — an  estimate  agreed  upon  by  the  county  and  local  surveyors, 
and  we  agree  upon  such  sums  as  are  considered  to  be  sufficient  to 
keep  the  roads  in  sound  repair,  with  watering  and  cleansing  so  far 
as  is  necessary  only  for  maintenance.  That  principle  has  acted 
satisfactorily  in  the  great  majority  of  instances.  Of  course  it  all 
turns  upon  what  is  a  fair  and  reasonable  expenditure.  That  I 
think  must  be  dealt  with  in  each  case  upon  its  merits.  You  can 
hardly  lay  down  any  hard  and  fast  principle  with  regard  to  it.  Of 
course,  after  all,  while  we  surveyors,  both  county  and  urban,  have 
to  come  together  and  endeavour  to  agree  upon  figures,  yet  even- 
tually the  decision  rests  in  the  hands  of  the  county  or  local 
authorities,  and  we  are  not  always  able  to  influence  them  to  the  end. 
In  the  face  of  recent  decisions  I  should  be  very  sorry  to  give  an 
interpretation  of  the  meaning  of  the  subsection  under  which  these 
matters  have  to  be  dealt  with.  It  is  a  bone  of  contention  which  I 
am  not  prepared  to  discuss  now.  I  feel  this,  however,  that  until  a 
really  authoritative  decision  is  given,  after  the  views  of  the  urban 
and  county  authorities  have  been  fully  argued,  or  the  Act  amended, 
the  difficulties  and  differences  will  continue.     That  the  Act  does 
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need  amendment,  the  following  condition  of  things  which  exist  in 
Hampshire  will  show.  We  have  seven  urban  authorities  who 
manage  their  roads,  having  claimed  to  do  so.  We  have  five  other 
urban  authorities  who  at  one  time  maintained  all  their  own  roads 
in  like  manner,  but  they  have  had  recent  additions  made  to  their 
main  roads ;  their  clerks  neglected  to  give  certain  notices ;  and 
now,  as  a  matter  of  fact,  these  new  main  roads  cannot  be  maintained 
by  themselves  direct,  the  power  having  gone  by,  and  we  are  in  the 
position,  if  we  choose  to  adopt  it,  to  go  into  those  districts  and 
maintain  those  new  roads,  but  not  the  old ;  and  further,  there  is 
another  urban  district  constituted  recently  under  the  Act,  and  that 
authority  cannot  claim  to  maintain  its  roads,  and  we  can  go  into  its 
district  and  maintain  them  for  it.  These  points  show  that  the 
Act  is  defective  and  requires  amendment ;  and  this  hardly  seems  to 
bear  out  what  was  so  eloquently  urged  last  night,  the  perfectness 
of  our  legislature.  It  has  its  defects,  but  these  defects  may  have 
some  merits,  and  our  President  may,  perhaps — after  the  remarks 
which  were  made  yesterday  with  regard  to  sewage  matters — be 
gratified  to  think  that  it  provides  fees  for  professional  men,  even  if 
not  entirely  for  engineers.  With  regard  to  the  author's  own 
schedules,  I  think  the  statement  of  account  shows  it  has  been 
very  carefully  prepared,  and  it  reflects  great  credit  upon  him ;  I 
only  wish  all  urban  authorities  would  follow  a  like  course.  With 
regard  to  the  other  schedules  I  think  the  value  of  them  depends 
upon  their  correctness.  I  do  not  know  from  what  source  the  in- 
formation was  obtained.  One  case  I  am  conversant  with  :  that  is 
the  case  of  Bournemouth.  If  you  look  on  page  283  you  will  see  the 
percentages  given  of  allowances  by  the  Local  Government  Board 
on  total  claims.  In  the  case  of  Bournemouth  the  Local  Government 
Board  are  said  to  have  awarded  143  per  cent,  on  the  total  claim.  In 
one  column  the  Local  Government  Board  are  said  to  have  awarded 
724Z.  per  mile — that  figure  I  do  not  question — but  in  another 
column  they  are  stated  to  have  claimed  505Z.  per  mile — that 
figure  I  do  not  accept  as  correct.  I,  unfortunately,  have  not 
my  papers  with  me,  and  am  speaking  from  memory ;  but  I  am 
under  the  impression  the  claim  was  for  something  over  100 01.  per 
mile.  Therefore,  instead  of  the  Local  Government  Board  awarding 
143  per  cent.,  it  was  only  about  70  per  cent.  A  colleague  of  mine, 
Mr.  Thomas,  the  county  surveyor  of  Buckinghamshire,  who  is  not 
now  present,  told  me  there  are  certain  figures  given  for  the  borough 
of  Aylesbury,  which  are  also  not  correct.   I  would  therefore  venture 
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to  urge  upon  the  author,  before  this  paper  is  printed  in  the  Pro- 
ceedings of  this  Association,  that  some  revision  of  these  figures 
should  be  made,  or  it  will  be  very  misleading  in  the  future.  As 
far  as  Bournemouth  is  concerned,  I  should  be  very  happy  to  furnish 
him  with  correct  figures.  I  had  the  pleasure  of  seeing  Mr.  Cod- 
rington  here  just  now  ;  and  although  we  have  to  appear  before  him 
under  barren  circumstances,  we  feel  the  greatest  respect  for  him, 
and  if,  consistent  with  his  position,  we  could  have  any  hints  and 
advice  from  him,  I  am  sure  we  should  all  welcome  them.  I  am 
supported  here  only  by  four  or  five  gentlemen  who  are  county 
surveyors.  I  am  sorry  there  are  not  more  with  us  to  join  in  this 
discussion,  but  I  can  assure  you  we  only  desire  to  do  justice  to  our 
authorities,  as  you  urban  surveyors  desire  to  do  justice  to  your 
authorities ;  and  so  far  as  I  am  personally  concerned,  I  enter  into 
all  the  discussions  with  our  urban  surveyors  in  that  spirit.  I  will 
say  no  more,  but  will  conclude  by  moving  a  vote  of  thanks  to  the 
author  of  the  paper. 

Mr.  J.  Lobley  :  It  might  be  useful  to  say  a  few  words  from  a 
point  of  view  different  from  either  the  author  or  the  proposer  of 
the  motion.  The  author  looks  at  the  question  from  the  point  of 
view  of  a  borough  surveyor,  the  mover  of  the  motion  looks  at  it 
from  the  point  of  view  of  a  county  surveyor.  At  present  I  am 
able  to  look  at  it  from  a  point  independent  of  both  the  county  and 
the  borough.  I  have  no  trouble  with  the  matter  at  the  present 
time,  but  I  had  trouble  in  times  past,  before  county  boroughs  were 
heard  of.  I  read  a  paper  at  the  Leeds  Annual  Meeting,  on  the 
Highways  and  Locomotives  (Amendment)  Act  of  1878.  I  fancied 
at  the  time  it  was  premature.  It  came  on  the  Meeting  before  many 
had  studied  the  question,  and  very  little  was  known  about  it ; 
and  some  boroughs  sent  in  claims  which  rather  startled  the 
county  authorities,  and  time  has  gone  on  from  year  to  year, 
and  yet  matters  cannot  be  said  to  be  in  a  satisfactory  state. 
Mr.  Swindlehurst's  paper  probably  would  not  have  been  written 
if  the  relations  had  been  amicable  and  the  arrangements  easy 
of  adjustment.  A  few  years  after  the  passing  of  that  Act, 
Hanley  was  granted  its  own  Court  of  Quarter  Sessions,  and  this 
made  a  great  difference  in  the  grants  for  county  roads.  The  first 
application  that  was  made  to  the  Government  for  exchequer  con- 
tributions was  paid.  The  second  application  was  somewhat  greater, 
and  it  was  not  paid.  Instead  of  taking  the  actual  expenditure 
they  took  the  cost  of  the  main  roads,  based  on  the  estimates  of  the 
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previous  turnpike  surveyors.  That  introduced  a  new  element  into 
the  case,  and  we  had  to  accept  accordingly  a  fixed  amount  annually 
from  the  exchequer.  Our  own  expenditure  was  very  much  in 
excess  of  the  previous  turnpike  surveyors,  who  had  done  nothing  in 
the  way  of  scavenging,  street  cleansing,  watering  or  paving. 
Another  change  has  been  made  by  the  1888  Act,  and  we  are  now 
altogether  free  of  the  difficulties  caused  by  the  double  control  of 
main  roads.  The  principle  has  been  established  in  the  case  of 
county  boroughs  that  those  authorities  shall  maintain  their  own 
roads,  and  the  counties  shall  maintain  their  own  roads.  That 
principle  being  established,  I  venture  to  say  it  might  be  carried 
further  and  applied  to  all  urban  authorities.  When  the  1878  Act 
passed,  it  was  believed  by  the  county  authorities  that  the  Act  was 
specially  framed  to  assist  rural  authorities  in  maintaining  their 
roads ;  and  that  they  expected  to  get  very  considerable  assistance 
from  county  ratepayers  living  in  urban  districts.  They  were  very 
much  disappointed.  It  was  often  the  other  way  about ;  and  instead 
of  getting  a  very  large  amount  from  the  urban  authorities  in  aid  of 
the  rural  roads  the  county  had  to  contribute  to  the  roads  in  urban 
districts.  This  disappointment  has  caused  a  reaction  in  their  minds, 
and  is  the  cause  of  the  unsatisfactory  arrangements  between  county 
and  urban  authorities,  at  any  rate  in  Staffordshire.  If  the  agree- 
able relations  which  exist  between  urban  districts  and  the  county 
in  Nottinghamshire  were  taken  as  a  rule,  we  should  hear  very  few 
complaints.  It  is  certainly  a  model  county  in  that  respect.  The 
authorities  work  together  amicably  and  the  matter  goes  on 
smoothly.  But  no  matter  what  payments  are  made  towards  the 
maintenance  of  main  roads  in  urban  districts  there  still  remains 
this :  it  is  either  a  profit  to  the  county  and  a  loss  to  the  urban 
district,  or  the  reverse.  If  the  urban  authorities  are  paying  in  the 
county  rate  more  than  they  receive  back  for  the  main  roads,  they 
are  assisting  the  rural  ratepayers  ;  if  they  are  paying  less  they  are 
being  assisted  by  the  rural  ratepayers.  With  county  boroughs  the 
principle  is  established  that  they  shall  maintain  their  own  roads 
and  shall  cease  to  pay  for  county  roads.  The  principle  being 
established,  why  not  extend  it  by  wiping  out  the  whole  of  the 
present  arrangements,  and  let  the  contribution  from  the  county  to 
the  local  authority  be  that  proportion  of  the  county  rate  that  the 
ratepayers  in  that  urban  district  pay  for  the  county  roads.  I  will 
take  it  as  an  illustration  that  it  will  cost  6d.  in  the  pound  to  main- 
tain the  main  roads  in  the  county.    If  6d.  in  the  pound  on  the 
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rateable  value  of  the  urban  district  is  handed  over  to  them,  and 
they  were  allowed  to  maintain  their  roads  in  their  own  way,  the 
dual  control  would  be  done  away  with,  and  the  separate  staff  of 
men  for  main  roads  would  be  avoided.  In  fact  I  look  upon  it  as  an 
absurdity  that  there  should  be  a  separate  staff  of  men,  material  and 
accounts  for  one  set  of  roads,  and  another  staff  for  the  other  roads. 
There  would  of  course  require  to  be  a  financial  adjustment  as  re- 
gards the  Government  grants,  in  the  same  manner  as  was  done 
between  the  county  boroughs  and  the  counties,  but  this  once 
settled  there  would  be  no  further  arrangements  to  be  annually 
made  on  the  subject.  I  have  very  great  pleasure  in  seconding  the 
vote  of  thanks  to  the  author  of  the  paper. 

Mr.  A.  T.  Davis  :  I  should  like  to  support  the  vote  of  thanks 
which  has  been  moved  by  my  friend  Mr.  Eobinson,  and  seconded 
by  Mr.  Lobley.  I  consider  the  author  of  this  paper  has  approached 
this  vexed  question  in  a  very  conciliatory  spirit  indeed.  That  it  is 
a  vexed  question  I  think  we  are  all  agreed.  The  author  states  here 
that  great  differences  of  opinion  exist,  and  I  think  great  differences 
of  opinion  are  likely  to  exist  so  long  as  there  is  any  question  as  to 
the  meaning  of  the  word  "  towards."  So  long  as  the  word  "  to- 
wards "  is  held  to  mean  the  whole,  and  not  something  approaching 
to  the  whole,  I  feel  sure  that  difference  of  opinion  will  continue 
to  exist  The  author  on  page  274  gives  three  reasons  why 
the  legislature  gave  power  to  urban  authorities  to  claim  to 
maintain  their  own  roads.  I  would  suggest  a  fourth  probable 
reason  why  they  have  that  power.  I  think  the  legislature  pro- 
bably considered  that  the  urban  authorities  and  surveyors  were  as 
a  rule  perfectly  competent  to  deal  with  the  roads.  I  speak  with 
all  respect  of  surveyors  of  highways,  but  we  all  know  perfectly  well 
that  there  are  surveyors  of  highways  and  surveyors  of  highways. 
Some  are  highly  qualified  gentlemen,  but  others  are  not  so  well 
qualified.  I  think  it  is  perfectly  right  that  urban  engineers  should 
have  the  power  to  repair  their  own  roads ;  and  I  have  suggested  a 
fourth  reason  for  the  mind  of  the  legislature  in  drafting  that  Act. 
The  author  on  page  274  deprecates  extravagant  or  unreasonable 
expenditure  on  the  roads.  There  is  no  doubt  there  have  been  ex- 
travagant demands,  and  it  is  quite  natural  that  County  Councils 
should  resent  such  demands.  Then,  again,  the  author  favours  the 
principle  of  payment  of  actual  expenditure.  Well,  now  it  appears 
to  me  there  are  one  or  two  reasons  against  that,  irrespective  of 
whether  the  County  Council  are  liable  to  pay  the  whole  or  part. 
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It  is  only  right  that  County  Councils  should  know  what  is  going 
to  be  spent  when  preparing  their  estimates ;  for  if  they  are  to  pay 
exactly  what  the  urban  authorities  like  to  spend,  they  may  find 
themselves  very  much  out  of  their  reckoning  at  the  end  of  the  year. 
In  Shropshire  in  all  cases  we  have  agreed  with  the  urban  authori- 
ties, and  I  think  a  good  deal  of  that  agreement  has  been  brought 
about  by  an  interchange  of  views  between  the  surveyors  of  the 
urban  authorities  and  myself.  We  have  endeavoured  to  meet  each 
other  in  the  first  instance,  and  I  venture  to  think  most  of  us  possess 
the  confidence  of  our  respective  authorities,  and  I  think  if  that  plan 
were  more  adopted  it  would  lead  to  a  better  feeling  and  more 
equanimity  in  the  settlement  of  these  claims. 

Mr.  C.  H.  Lowe  :  I  can  keep  my  remarks  well  within  the  six 
minutes  limit  fixed  by  the  President,  and  only  wish  to  inform  the 
meeting  the  result  of  an  arbitration  my  board  had  with  the  London 
County  Council.  The  vestry  of  Hampstead  has  two  disturnpiked 
roads  which  are  maintained  by  them,  but  to  the  cost  of  which  the 
County  Council  are  liable  to  contribute.  We  were  prepared  to 
accept  1900£.  They  very  kindly  offered  to  give  us  half  that 
amount,  and  some  of  their  members  added  that  they  had  made  a 
very  good  offer.  The  vestry  did  not  see  their  way  to  accept  that 
sum  and  took  the  matter  to  arbitration,  and  we  luckily  found  our- 
selves in  the  hands  of  Mr.  Codrington.  The  result  was  an  award 
of  2137Z.  or  thereabouts,  speaking  from  memory,  so  that  the  vestry 
did  very  well  in  appealing  to  arbitration.  Nearly  all  the  items  in 
the  account  were  disputed  item  by  item.  The  road  watering  was  a 
very  considerable  item  in  the  cost  of  these  two  roads.  Mr.  Cod- 
rington considered  that  the  whole  of  the  watering  was  not  necessary 
for  the  maintenance  of  the  road,  and  as  a  result  about  one-third  of 
that  item  was  allowed,  the  remaining  two-thirds  being  regarded  as 
a  luxury  for  the  residents  of  the  district  in  keeping  the  road  free 
from  dust. 

Mr.  T,  Codrington  :  I  was  just  whispering  to  Mr.  Lowe  that 
what  he  has  stated  is  not  correct.  That  is  due  to  the  same  cause  as 
the  misleading  nature  of  the  return  given  in  the  appendix  to  the 
paper.  In  the  first  place,  Bournemouth  is  pointed  out  as  having 
received  143  per  cent,  on  their  claim.  My  recollection  of  that  is 
that  the  claim  was  for  nearly  3900Z.,  and  they  were  awarded 
2600Z.  It  is  difficult  to  see  how  the  figure  of  percentage  was  ob- 
tained, but  it  is  probably  based  on  the  cost  of  roadways  only,  before 
any  claim  was  sent  in  for  footways.    In  looking  down  the  list  of 
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percentages  given,  the  same  doubt  arises.    I  do  not  think  they  are 
to  be  relied  upon.    No  doubt  they  are  given  in  good  faith,  but 
they  do  not  give  correct  information.    I  can  say  that  the  award  of 
the  Local  Government  Board  has  never  been  above  the  amount  of 
the  claim  submitted  to  arbitration.    That  brings  me  to  Mr.  Lowe. 
He  rather  put  it  forward  that  they  were  prepared  to  take  1900Z. 
But  Mr.  Lowe  does  not  mean  to  imply  that  that  was  their  claim 
when  before  arbitration  ? — (Mr.  Lowe  :  No  !  no  !)—  It  has  been  very 
often  the  case  that  a  County  Council  might  have  obtained  very 
much  better  terms  by  arrangement  with  the  authorities  than  by  an 
appeal  to  arbitration.    Mr.  Lobley  has  referred  to  Staffordshire, 
and  no  doubt  he  has  given  a  good  reason  for  the  difficulties  in  that 
county.    Mr.  Lobley  has  suggested  that  the  amount  of  the  contri- 
bution to  the  county  rate  should  be  taken  as  the  basis  of  the  county 
rate.    That  is  a  very  taking  notion;  but  in  some  places  one  is 
reminded  that  the  county  rate  is  not  the  only  source  from  which 
these  roads  are  maintained.    There  are  the  local  taxation  and 
probate  duty  grants,  and  in  places  like  Torquay  and  Bournemouth 
that  is  of  importance.    I  am  afraid  some  of  the  authorities  would 
not  agree  to  Mr.  Lobley's  proposal,  but  if  they  would  agree  it  would 
be  a  good  basis  to  go  upon.     Mr.  Lowe  has  said  that  one-third  of 
the  cost  of  watering  was  allowed  at  Hampstead.    There  were  three 
or  four  sorts  of  roads  there  :  paved  roads,  macadam  and  wood,  and 
as  those  were  all  dealt  with  on  a  different  basis,  it  is  a  little  mis- 
leading to  say  one-third  of  the  watering  was  allowed.  Fortunately 
watering  does  not  give  so  much  trouble  as  scavenging.    The  judges 
say  you  are  to  allow  watering  and  scavenging  so  far  as  they  are 
necessary  for  maintenance ;  but  I  have  never  been  able  to  get  at 
the  actual  cost  of  scavenging.    When  you  come  to  look  into  the 
claim  for  scavenging  you  always  find  a  good  deal  of  estimate 
about  it. 

Mr.  Weaver  :  The  object  for  which  this  paper  is  written  is  to 
endeavour  to  remove  some  of  the  friction  now  existing  between 
county  and  urban  surveyors  in  the  method  of  arriving  at  the  con- 
tributions to  be  paid  by  the  former  to  the  Boards  of  the  latter. 
The  discussion  has  been  pretty  nearly  confined  to  county  and  urban 
surveyors,  both  of  whom  must  be  somewhat  influenced  by  the 
position  they  occupy,  having,  perhaps,  in  their  minds,  future 
difficulties  that  may  be  cropping  up.  Being  a  metropolitan  sur- 
veyor, and  having  no  fear  of  that  kind  before  me,  my  remarks  will 
be  made  with  the  view  of  furthering  the  author's  object  in  reading 
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the  paper.  On  page  274  there  is  given  the  basis  upon  which 
certain  County  Councils  consider  the  cost  ought  to  be  based. 
They  think  they  ought  to  take  the  cost  of  the  main  roads  up  to  the 
boundary  of  the  urban  district  and  pay  at  the  same  rate.  To  my 
mind  that  is  wholly  wrong.  On  the  other  hand,  to  require  the 
county  to  pay  the  full  cost  of  the  road  is,  in  the  majority  of  cases, 
an  excessive  demand.  It  all  depends  upon  what  is  the  right  and 
proper  interpretation  of  the  words  "  towards  the  cost "  of  main- 
tenance, and  Mr.  Codrington  has  said  that  he,  having  to  arbitrate 
in  these  cases,  has  not  arrived  at  the  right  and  proper  interpre- 
tation of  the  words. 
Mr.  Codrington  :  No  !  no  ! 

Mr.  Weaver  :  I  beg  pardon,  I  understood  you  to  say  so. 

Mr.  Codrington  :  No  ;  the  judges  have  told  us  what  the  word 
"  towards  "  means,  and  we  must  accept  their  decision. 

Mr.  Weaver  :  We  have  not  heard  much  as  to  the  basis  on  which 
these  awards  should  be  made.  Mr.  Codrington  has  not  laid  before 
the  meeting  any  rules  on  which  these  authorities  could  agree  among 
themselves,  and  thus  obviate  further  appeals.  A  suggestion  which 
occurs  to  me  as  affording  a  basis  of  agreement,  is  to  take  the  entire 
cost  of  maintaining  the  road,  as  if  the  town  was  not  there ;  to 
leave  the  town  and  its  exceptional  requirements  out  of  the  question. 
There  is  a  good  deal  of  expense  extra  on  the  traffic  maintenance 
cost,  owing  to  the  character  of  the  town  traversed  by  the  road.  In 
the  Bournemouth  case,  in  which  I  and  other  Members  were 
engaged,  you  have  a  main  road  going  through  a  fine  town,  and  in 
driving  over  that  road  you  could  tell  with  your  eyes  shut  where 
the  county  maintenance  ended  and  the  town  maintenance  of  the 
road  began.  On  the  county  portion  of  the  road  you  were  jolted 
considerably ;  but  over  the  town  portion  you  bowled  over  a  road 
equal  to  a  London  carriageway  in  a  first-class  residential  neighbour- 
hood. This  perfection  was  rendered  necessary  by  the  character  of 
the  neighbourhood,  and  was  obtained  by  constant  attention  to 
reparation,  watering  and  scavenging.  If  you  eliminated  the  major 
portion  of  the  cost  of  watering  and  scavenging,  and  allowed  only 
the  traffic  maintenance  of  the  road,  apart  from  the  expenditure  in- 
curred for  the  convenience  of  the  residents,  I  think  it  would  give 
a  fair  result.  You  may  lay  down  wood  paving,  or  may  indulge  in 
a  great  deal  of  watering  just  to  keep  down  the  dust  for  the  comfort 
of  the  people  living  on  the  roads,  but  it  would  not  be  fair  to  charge 
the  cost  thereof  to  the  county.    By  eliminating  the  town,  but 


296      MAINTENANCE  OF  MAIN  ROADS  IN  URBAN  DISTRICTS. 


allowing  for  the  whole  of  the  traffic  on  the  road,  I  think  a  fair 
basis  might  be  arrived  at  for  the  settlement  of  differences. 

Mr.  Cl arson  :  I  think  something  might  be  done  by  the  Asso- 
ciation to  have  control  over  information  of  the  kind  given  in 
the  Appendix  to  the  paper.  It  will  be  in  the  recollection  of 
many  Members  that  as  many  as  sixty  questions  were  asked  in 
a  circular  recently  received  by  borough  surveyors.  In  view  of 
questions  of  this  sort  being  put  to  borough  engineers,  I  think 
something  might  be  done  by  the  Association  to  have  the  answers 
tabulated  and  made  use  of  for  the  Association.  I  have  great 
pleasure  in  supporting  the  vote  of  thanks. 

Mr.  Buck  :  The  expenses  of  the  main  roads  in  the  county  of 
Kent  last  year  were  56,200Z.  As  our  mileage  is  only  138  miles, 
that  shows  a  cost  per  mile  of  407Z. 

Mr.  Codrington  :  That  question  "  towards  99  is  set  at  rest  for  the 
present  by  the  recent  decision.  Whether  it  is  in  the  way  the 
counties  will  like  I  do  not  know,  but  it  is  settled  by  the  courts 
now. 

The  vote  of  thanks  having  been  unanimously  accorded, 
Mr.  Swindlehurst,  in  reply,  said :  I  should  like  first  of  all  to 
thank  the  various  speakers  for  the  very  fair  spirit  in  which  they 
have  dealt  with  the  subject.  My  only  regret  is  that  the  time 
available  was  necessarily  so  limited  as  to  preclude  the  possibility 
of  an  exhaustive  discussion.  It  is  not  at  all  surprising  to  find  that 
much  difference  of  opinion  exists  on  almost  every  phase  of  this 
question ;  so  much  difficulty  and  doubt  appears  to  surround  many 
of  the  provisions  of  the  Act  and  its  application,  that  it  would  have 
been  a  marvellous  state  of  things  if  friction  had  not  ensued. 
Possibly  in  the  course  of  time  we  may  have  some  amendment  of 
the  Act  in  the  direction  indicated,  or  at  least  the  decisions  of  the 
Courts  may  help  us  to  a  nearer  solution  of  the  difficulties  which  at 
present  seem  so  troublesome.  Certainly  recent  decisions  of  the 
Courts,  particularly  in  that  of  Marlborough  v.  County  Council 
of  Wiltshire,  appear  to  bear  out  the  contention  of  the  urban 
authorities  that  the  counties  have  hitherto  taken  a  much  too 
limited  view  of  their  obligations.  I  agree  with  Mr.  Lobley  that 
the  reasons  he  has  given  for  the  difficulties  in  Staffordshire 
do  operate,  in  fact  I  know  that  there  are  substantial  grounds 
for  this  surmise.  I  doubt,  however,  if  the  matter  as  between 
urban  authorities  and  the  rural  authorities  would  be  so  easy 
of  adjustment  as  he  suggests;  it  would  apswer  very  well  for  a 
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wealthy  district  with  a  large  rateable  value,  and  possibly  a  very 
short  length  of  main  road  to  maintain,  but  I  am  afraid  that  the 
rural  districts  would  find  themselves  in  a  very  much  worse  position 
in  many  cases ;  but,  as  was  pointed  out,  there  are  other  grants  to  be 
considered  which  would  have  a  very  important  bearing  upon  the 
financial  aspect  of  the  question.  As  regards  the  accuracy  of  the 
figures  given  in  the  appendix  to  the  paper,  it  would  seem  that 
some  doubt  appears  to  exist.  There  is  always  the  difficulty  in 
getting  returns  from  a  number  of  towns,  that  all  do  not  adopt  the 
same  basis  when  making  the  returns.  This  arbitration  question 
appears  to  be  an  exceptionally  difficult  one.  It  is  found  that 
many  authorities  in  the  first  instance  when  sending  in  claims  to 
the  County  Council  have  claimed  for  a  certain  amount ;  presently, 
when  the  claim  has  been  resisted  by  the  County  Council,  it  has 
been  deemed  advisable  to  amend  this  claim  by  the  addition  of 
certain  other  items  of  expenditure  which,  in  the  first  instance,  the 
local  authorities  would  have  been  content  to  forego.  The  Burton 
arbitration  is  a  case  in  point.  When  it  was  found  that  an  appeal 
to  arbitration  must  take  place,  it  was  deemed  advisable  on  the 
advice  of  counsel  to  increase  the  original  claim  by  the  addition  of 
5  per  cent,  for  establishment  charges,  together  with  certain  charges 
for  the  rent  of  depots.  I  also  increased  the  charge  for  the  hire 
of  steam  road-roller.  This  practice  seems  to  have  been  very 
generally  adopted,  and  in  my  opinion  rightly  so;  but  it  will 
be  seen  that  it  is  precisely  this  element  which  has  given  rise 
to  controversy,  because  in  considering  the  amount  awarded  by 
the  Local  Government  Board,  it  is  very  material  in  taking  the 
percentage  as  to  whether  the  amount  of  the  original  claim 
submitted  to  the  county,  or  the  amended  claim  as  submitted  to 
the  arbitrator,  is  considered,  and  it  is  this  doubt  which  appears 
to  have  occurred  in  one  of  the  cases  which  have  been  questioned, 
viz.  Bournemouth.  As  regards  this  return  I  must  take  the 
responsibility.  The  information  kindly  supplied  to  me  by  the 
borough  surveyor  consisted  of  a  printed  newspaper  report  of  the 
case,  and  I  placed  my  own  interpretation  on  the  figures  there 
given.  As  regards  the  figures  taken  for  comparison  of  the  per- 
centage, these  represented  a  comparison  of  the  original  claim  with 
the  Local  Government  Board  award.  I  have  now  substituted  the 
percentage  of  the  claim  based  on  the  amount  submitted  to  the 
arbitrator,  as  compared  with  the  Local  Government  Board  award. 
Mr.  Robinson  is  now  agreed  on  this.    It  will  be  seen  that  the 
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latter  represents  67  per  cent,  of  the  amended  claim.  In  the 
Aylesbury  case  I  am  informed  by  the  surveyor  of  Aylesbury, 
Mr.  Bradford,  that  the  amounts  given  are  correct ;  therefore  the 
percentage  as  given  in  my  appendix  is  also  correct.  As  Mr.  Cod- 
rington  has  very  properly  pointed  out,  a  comparison  of  results  in 
these  cases  is  a  matter  of  some  uncertainty  unless  the  whole  of  the 
facts  bearing  on  the  case  are  known.  In  some  cases  special  points 
only  have  been  in  dispute,  whilst  in  others  the  whole  claim  has 
been  challenged  and  fought  out.  At  the  same  time  I  think  it 
will  be  agreed  that  a  consideration  of  the  results  of  the  arbitration 
proceedings  furnishes  abundant  food  for  reflection  alike  for  the 
county  and  local  authorities.  Since  the  discussion  of  this  paper  I 
have  again  been  in  communication  with  the  whole  of  the  gentle- 
men who  kindly  furnished  me  with  the  original  information. 
This  information  they  have  been  good  enough  to  verify  or  amend 
as  the  circumstances  required.  This  has  been  done  in  very  nearly 
every  case,  so  that  I  think  it  may  be  taken  that  the  amounts  given 
are  perfectly  correct,  at  all  events  the  figures  given  are  in  all  cases 
such  as  have  been  supplied  to  me  in  the  manner  indicated. 
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THE  BRADFORD  CORPORATION  ELEC- 
TRICITY SUPPLY,  WITH  THE  RESULTS 
OF  FOUR  YEARS'  WORKING. 

By  JAMES  K  SHOOLBKED,  B.A.,  M.  Inst.  C.E. 

It  is  just  fifteen  years  since,  at  the  Annual  Meeting  of  this  Associa- 
tion in  1879,  the  author  had  the  privilege  of  reading  his  paper  on 
"  Electric  Lighting,  and  its  Application  to  Public  Illumination  by 
Municipal  and  other  bodies."  Appended  to  that  paper  was  the 
Parliamentary  "  Report,"  then  just  issued,  "  of  the  Select  Com- 
mittee of  the  House  of  Commons  upon  Lighting  by  Electricity  "  ; 
the  first  of  that  series  of  inquiries  by  both  Houses  of  Parliament, 
on  the  subject  of  Electrical  Energy,  and  which  was  presided  over 
by  the  late  Right  Hon.  Edward  Stanhope. 

Much  progress,  indeed  almost  beyond  expectation,  has  been 
made  during  the  past  fifteen  years,  in  the  science,  as  well  as  in  the 
application  of  electricity  to  industrial  purposes. 

One  short  extract  from  the  Keport  of  the  above-named  Com- 
mittee will  suffice  to  show  this. 

u  Tour  Committee,  however,  are  not  in  a  position  to  make  recom- 
mendations for  conditions,  which  may  hereafter  arise,  but  at  present 
do  not  exist,  as  to  the  distribution  of  electric  currents  for  lighting 
private  houses  from  a  central  source  of  power.  .  .  .  But  at  the 
present  time  your  Committee  do  not  consider  that  any  further 
specific  recommendation  is  necessary  than  that  the  local  authorities 
should  have  full  powers  to  use  the  electric  light  for  purposes  of 
public  illumination,  and  that  the  Legislature  should  show  its  wil- 
lingness, when  the  demand  arises,  to  give  all  reasonable  powers  for 
the  full  development  of  electricity  as  a  source  of  power  and  light." 

The  answer  to  these  remarks  may  be  said  to  rest,  and  very 
appropriately  so,  in  the  paper  which  is  about  to  be  read  to  the 
Association  of  Municipal  Engineers.  For,  on  behalf  of  those  local 
authorities  to  whom  the  Legislature  had  been  willing  "to  give 
all  reasonable  powers  for  the  full  development  of  electricity  as  a 
source  of  power  and  light,"  it  says  : — 

"  The  demand,  which  the  Committee  foresaw,  having  arisen,  and 
the  Legislature  having  entrusted  us  with  the  desired  powers,  it 
therefore  behoves  us  to  present  you  with  the  actual  results  of  the 
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first  four  years'  working  of  the  pioneer  of  our  municipal  under- 
takings— that  of  the  Corporation  of  Bradford — and  to  whom  all 
honour  is  due  for  the  lead  which  they  have  taken  in  this  matter." 

This  period,  at  Bradford,  it  will  readily  be  understood  by  the 
meeting,  treats  of  a  most  important  time,  of  early  trials,  and  of 
much  anxiety  for  those  upon  whom  the  responsibility  lay.  It  also 
represents  a  completed  term  in  itself ;  being  the  first  chapter,  that 
of  the  "  Two-wire  "  period,  in  the  history  of  the  Bradford  Electricity 
Works.  With  the  current  year  the  second  chapter,  that  of  the 
"  Three- wire  system/'  has  commenced ;  this  latter  development, 
as  well  as  others  still  to  follow,  having  been  foreseen,  and  duly 
provided  for,  at  the  time  when  the  installation  was  originally  laid 
down ;  as  was  pointed  out  to  the  Corporation  about  twelve  months 
ago  by  Lord  Kelvin,  P.R.S.,  when  considering  the  entire  question 
of  the  supply  of  electrical  energy  ;  and  when  further  stating,  that 
they  had  acted  rightly  in  adopting  the  present  system  at  the  com- 
mencement of  their  undertaking. 

The  supply  of  electrical  energy  (continuous  current  at  low 
pressure),  inaugurated  on  September  20,  1889,  was  intended  for 
all  purposes  to  which  the  "  continuous  "  current  is  applicable — such 
as  light,  power  (including  tramways),  and  the  many  chemical,  and 
other  industrial  applications,  which  occur  in  a  manufacturing  town 
like  Bradford. 

The  supply  was  confined,  at  first,  to  the  central  portion  of  the 
borough — where  are  to  be  found  the  best  shops,  some  hotels  and 
other  large  buildings,  such  as  the  Town  Hall,  the  public  markets, 
theatres  and  other  places  of  entertainment.  The  district  sup- 
plied extends  chiefly  to  the  north  and  to  the  west  of  the  central 
generating  station  in  Bolton  Boad,  to  a  distance  in  each  direction 
of  about  three-quarters  of  a  mile. 

The  electrical  energy  is  distributed  by  means  of  underground 
armoured  cables,  laid  in  the  ground  itself,  chiefly  under  the 
footwalks  on  each  side  of  the  street,  without  the  intervention 
of  any  culvert,  and  with  the  connecting  and  other  junction-boxes 
filled  up  solid;  thus  avoiding  any  chances  of  accumulations  of 
water  or  of  gases,  such  as,  in  other  towns,  have  of  late  led  to 
several  serious  accidents. 

From  the  central  station  a  series  of  feeding  mains,  radiating 
in  different  directions,  deliver  the  current  to  the  distributing  net- 
work, where  it  is  maintained  at  a  uniform  pressure  of  115  volts  : 
a  "  standard  pressure  "  which  is  found  to  adapt  itself  very  fairly 
to  the  various  applications  of  a  town  supply  of  electrical  energy. 
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The  following  steam  generating  and  electrical  plant  has  been 
erected  at  the  central  station. 

Four  steel  "  Lancashire  "  boilers,  each  of  180  H.P.,  working  at 
140  lbs.  steam  pressure  per  square  inch. 

The  steam  engines,  compound,  non-condensing,  are  of  the 
inverted  vertical  type,  each  engine  driving  directly  a  dynamo, 
which  is  placed  on  the  same  bed-plate  with  it. 

All  the  engines  are  of  the  single-acting,  closed,  "  Willans  "  type  ; 
with  one  exception,  which  is  of  the  ordinary  double-acting  marine 
engine  class.  This  last  was  obtained  at  the  commencement,  but  as 
the  subsequent  comparative  working  of  the  two  types  of  engine 
showed  that  the  "  closed 99  type  was  better  suited  to  the  re- 
quirements of  this  station,  all  the  later  engines  have  been  of  the 
last  named,  single-acting,  make.  The  total  power  of  the  steam 
engines  is  about  1600  H.P.I. ;  and  the  engines  occur  in  the 
following  sizes:  viz.  80,  150  and  300  H.P.I. 

It  should  be  noted,  that  it  is  by  the  judicious  use  of  several 
different  sizes  of  engine,  that  the  difficulty  of  meeting  the  great, 
and  sometimes  sudden,  changes  in  the  demand  for  steam  power, 
which  occur  in  a  supply  of  artificial  illumination,  can  be  success- 
fully and  economically  got  over. 

It  seems  almost  needless  here  to  point  out  the  advantage  of 
having  the  dynamos  " directly  driven"  by  the  steam  engines; 
as  against  having  belts,  or  ropes,  intervening  between  them. 
Especially  after  the  clear  statements,  as  to  the  losses  of  the  latter 
arrangement,  in  Mr.  E.  E.  Crompton's  recent  paper  on  the  "  Cost 
of  Electrical  Energy,"  communicated  to  the  Institution  of  Electrical 
Engineers,  and  in  the  discussion  thereon. 

The  dynamos  are  shunt  wound,  and  their  total  ampere  output, 
available  at  the  consumer's  terminals,  is  about  5000  amperes. 

A  very  valuable  adjunct  to  this  generating  plant,  during  the 
last  three  years,  has  been  a  set  of  storage  cells  of  Crompton- 
Howell  make,  which,  though  only  of  a  moderate  capacity,  has 
rendered  most  important  assistance  in  carrying  on  the  supply 
uninterruptedly  through  the  24  hours. 

The  time  during  which  the  generating  plant  was  enabled  to  be 
stopped,  and  the  supply  carried  on  unaided  by  the  storage  battery, 
amounted,  out  of  the  24  hours,  in  1891,  on  an  average  to 
12  hours,  or  50  per  cent.,  and  in  1892,  to  10^  hours,  or  about 
45  per  cent.  ;  while  in  1893,  owing  to  the  increasing  demands, 
it  was  only  5  hours,  or  about  21  per  cent,  of  the  entire  time. 

The  importance  of  the  economy  thus  effected  in  the  working 
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can  be  more  easily  realised  by  an  examination  of  the  daily  ampere- 
output  curves  of  the  station.  Some  of  these,  prepared  from 
information  kindly  afforded  to  the  author  by  the  Corporation, 
accompany  this  paper.  Horizontally  each  diagram  represents  the 
24  hours  from  midnight  to  midnight,  while,  vertically,  the  total 
amount  of  the  supply,  in  amperes,  throughout  the  same  period, 
is  indicated  by  the  varying  height  of  the  curve  line  above  the 
horizontal  datum. 

The  full  line  of  the  curve  sets  forth  the  work  done  by  the 
dynamos  ;  while  the  broken  line  shows  the  part  taken  by  the 
storage  battery,  both  discharging,  during  the  time  the  generating 
plant  is  stopped,  as  also  while  being  charged  by  the  dynamos. 

It  will  be  seen  from  these  diagrams,  that  from  shortly  before 
midnight  until,  at  least,  six  o'clock  on  the  next  morning,  or 
perhaps  until  noon,  or  after,  the  generating  plant  was  always 
stopped ;  the  result  being  a  very  considerable  saving  in  coal,  and 
wages  to  the  staff,  and  one  which  could  not  have  taken  place  had  the 
"  alternating  "  system  been  in  use,  as  no  cessation  in  the  working 
of  the  generating  plant  is  possible  therewith. 

In  order  to  indicate  the  progressive  working  of  the  undertaking, 
there  is  appended  to  this  paper  a  tabular  statement,  compiled  from 
the  half-yearly  electricity  accounts,  issued  by  the  Bradford  Cor- 
poration, during  the  four  years  1890  to  1893. 

From  these  tables,  the  more  fully  to  illustrate  the  progress  which 
has  been  made,  the  author  has  been  able  to  prepare  a  diagram 
(No.  1),  which  shows  graphically,  the  half-yearly  amounts,  of  (a) 
the  working  expenses,  of  (b)  the  gross  receipts,  of  (c)  the  units 
sold,  and  of  (d)  the  working  cost  per  unit. 

From  this  diagram  it  will  be  seen  that,  during  the  last  two 
years,  at  least,  the  working  expenses  have  been  on  an  average  only 
50  per  cent,  of  the  gross  receipts  ;  and  the  working  cost  per 
unit  Z\d. 

The  selling  price  has  been  bd.  per  unit  throughout  this  period  ; 
and  this  low  rate  has  this  year  been  reduced,  though  for  power 
only,  to  Z\d.  per  unit. 

It  may  be  of  interest  here  to  remark,  that  already  a  fair  and 
an  increasing  source  of  the  day  revenue  has  arisen  in  the  sale  of 
current  for  hoists,  and  for  other  small  engines. 

Indeed,  by  the  time  when  the  Corporation  Tramways  come  to 
be  worked  by  electricity  from  the  Central  Station,  as  a  series  of 
experiments  has  shown  to  be  feasible,  the  demand  under  the  head 
of  motive  power  will  be  considerable.    Already  the  superiority  of 
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the  "  continuous  "  form  of  current  for  these  applications  (motive 
power,  storage,  &c.)  is  forcing  itself  upon  the  advocates  of  alter- 
nating currents ;  who  now  begin  to  perceive  the  value  of  some  of 
the  financial  advantages  to  be  derived  therefrom,  and  which  they 
have  hitherto  thrown  away  ;  not  to  speak  of  the  difficulties  of 
distribution,  in  the  conductors  and  in  other  ways,  which  the  use  of 
the  "  alternating  "  current  brings  with  it. 

These  objections  they  would  now  seek  to  get  over  by  "  redress- 
ing' '  the  current,  that  is  by  re-converting  from  an  "alternating" 
back  again  into  a  "  continuous  "  one.  But,  why  ever  have  departed 
from  the  original  "  continuous  "  form,  with  which  they  were  bound 
to  start  ? 

To  engineers  the  question  of  the  relative  expenditure  upon 
wages,  coal  and  water,  is  of  special  interest.  The  money  values 
which  have  been  paid,  three-monthly,  during  the  four  years 
1890-93,  upon  each  of  these  items  have  been  arranged  upon  a 
diagram  (No.  2).  By  comparing  this  with  No.  1  diagram,  it  is 
instructive  to  note,  that  the  amounts  expended  upon  these  matters 
have  not  increased  in  the  same  rate  as  has  the  output  obtained. 
Or,  in  other  words,  that  the  services  of  the  staff,  as  well  as 
the  steam  producing  properties  of  the  plant,  have  both  been 
utilised  to  a  greater  extent  than  was  the  case  in  the  earlier  stages 
of  the  undertaking. 

The  financial  results  of  the  four  years'  working  of  this  electric 
undertaking,  as  shown  by  the  "  Half-yearly  Bevenue,"  the  "  Interest 
and  Sinking  Fund,"  the  "  Profit  and  Loss,"  and  the  "  Capital  Ex- 
penditure "  accounts  respectively,  of  the  Bradford  Corporation,  may 
be  put  briefly  in  the  following  terms. 

Not  merely  have  the  working  expenses  been  met  from  the  com- 
mencement, but  also  the  interest  on  the  municipal  loan,  together 
with  the  proportionate  annual  contribution  towards  the  sinking 
fund  for  the  repayment  of  that  loan,  have  been  paid,  even  during 
the  construction  of  the  works,  and  a  balance  left  besides.  Of 
course,  during  the  early  days  the  receipts  did  not  suffice  to  meet 
these  two  last  items,  amounting  in  themselves  to  nearly  7  per 
cent,  on  the  capital  in  use ;  so  rapidly,  however,  has  the  demand 
for  electrical  energy  grown  in  Bradford,  that  the  whole  of  this 
"  leeway ,J  has  been  made  up  (as  may  be  seen  from  the  "  Profit 
and  Loss "  account),  and  a  balance  of  profit  left  at  the  end  of 
1892,  or  in  three  years  after  the  commencement  of  the  supply ; 
while  by  the  end  of  1893  a  sum  of  over  2000Z.  had  been  placed 
to  the  clear  profit  of  the  undertaking. 
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In  fact,  for  the  last  two  years,  at  least,  the  balance  of  gross  profit 
over  ordinary  working  expenses  has  amounted  to  a  return  of  about 
10  per  cent,  upon  the  capital  then  expended  ;  a  result  which  is 
most  exceptional  in  the  history  of  Municipal  enterprises,  con- 
sidering the  short  period  during  which  the  present  undertaking 
has  been  in  operation. 

It  may  probably  be  of  further  interest  to  the  meeting  if  some 
comparison  could  be  presented  between  the  "  rates  per  unit,"  which 
have  been  reached  at  the  Bradford  electric  undertaking,  and  those 
which  occur  at  some  other  similar  ones,  which  have  been  longest 
working  in  this  country.  For  this  purpose,  the  Keturns  to  the 
Board  of  Trade  for  1893  would  offer  the  most  reliable  basis, 
while  limiting  the  selection  to  those  works  which  have  been  in 
operation  for  at  least  three  years ;  since  it  would  be  manifestly 
unfair  to  the  more  recently  established  ones,  to  compare  their 
economical  results,  while  they  are  still  in  what  may  be  termed 
their  initial  stage. 


COMPABATIVE  "  RATES  PEB  UNIT  "  IN  1895. 
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Ten  well-known  undertakings  have  been  selected  as  fulfilling 
the  above  conditions  ;  five  of  these  are  working  on  the  "  continuous" 
current  system,  at  "low  pressure,"  and  provided  with  storage 
batteries,  and  the  remainder  on  that  of  the  "  alternating  "  current 
at  "  high  pressure  "  (and  of  course,  without  storage). 

The  result  of  the  above  comparison  shows  that  the  Bradford 
undertaking  works  as  cheaply  as  the  Newcastle  ones  (where  coal 

♦  This  figure  can  only  be  approximate ;  no  return  having  been  made  to  the 
Board  of  Trade  as  to  the  number  of  units  sold. 

t  These  two  undertakings  ought,  for  the  purposes  of  comparison,  to  be  taken 
as  one. 
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is  very  cheap),  and  more  economically  than  any  of  the  other 
stations  in  England. 

From  the  facts  which  have  been  detailed  in  this  paper  it  is 
evident  that  the  ratepayers  of  Bradford  have  no  cause  to  regret, 
financially,  the  results  of  the  action  which  their  Corporation  have 
taken  in  providing  them  with  the  advantages  of  a  supply  of 
electrical  energy. 

It  must,  likewise,  be  a  source  of  satisfaction  to  feel  that  this 
has  been  done  without  exposing  the  inhabitants  to  those  serious 
risks  to  life  which  occur  with  the  "  high  pressure  "  current,  and 
which  have  already  led  to  fatal  accidents  in  other  towns. 

Eesults  such  as  are  described  in  the  paper  are  remarkable,  and 
redound  very  greatly  to  the  credit  of  those  Corporation  officials  at 
Bradford  who  have  especial  charge  of  the  working  and  manage- 
ment of  the  undertaking — more  especially  of  the  late  Chairman 
(only  recently  resigned),  Alderman  F.  Priestman,  J.P.,  of  the 
worthy  and  respected  Town  Clerk,  Mr.  W.  T.  McGrowen,  and  more 
particularly,  of  the  Besident  Managing  Engineer,  Mr.  S.  W.  Baynes. 
The  author  can  fully  appreciate  the  thorough  business  qualities  of 
the  Alderman,  and  the  kindly  assistance  which  he  himself  has  ever 
received  at  his  hands  (while  acting  as  electrical  engineer  to  the 
Corporation),  in  the  design,  and  during  the  construction  of  the 
present  works,  as  well  as  in  the  earlier  years  which  preceded  their 
construction  ;  while,  as  regards  Mr.  Baynes,  he  has  had  even  a 
longer  acquaintance  of  him,  extending  (electrically  at  least)  into 
almost  prehistoric  times  ;  he  can  therefore  fully  appreciate  the  care, 
diligence  and  attention  to  the  smallest  details,  which  have  always 
characterised  Mr.  Baynes'  management,  and  which  have  so  largely 
conduced  to  the  working  results  described  in  the  paper. 

No  attempt,  however,  to  chronicle  the  history  of  electricity  in 
Bradford  would  be  complete  without  reference  to  the  ever  courteous 
and  energetic  Town  Clerk ;  as  most  probably,  or  rather  most 
certainly,  had  it  not  been  for  his  unceasing  exertions  in  favour  of 
electric  lighting  during  the  past  dozen  years,  the  results  which 
have  been  described  in  the  paper  would  not  have  had  any  existence, 
at  least  for  some  years  to  come. 

In  conclusion,  the  author  must  also  thank  the  Corporation  for 
their  having  so  kindly  placed  at  his  disposal,  and  so  unreservedly, 
the  large  amount  of  information  which  has  enabled  him  to  place 
before  the  meeting  the  principal  facts  contained  in  this  description 
of  the  results  of  the  four  years'  working  of  the  Bradford  Corporation 
Electricity  Supply. 

x 
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ELECTRIC    STREET  TRAMWAYS. 
By  ROBEKT  HAMMOND,  M.Inst.E.E. 

On  the  occasion  of  last  year's  Annual  Meeting  of  this  Associa- 
tion, at  West  Bromwich,  an  inspection  was  made  of  the  South 
Staffordshire  Electric  Tramways,  serving  about  8  miles  of  the 
immediate  vicinity. 

The  author  had  the  pleasure  of  accompanying  the  'Members 
on  that  visit,  and  is  now  glad  to  have  the  opportunity  of 
complying  with  the  request,  then  made,  that  he  should  read, 
at  this  Meeting,  a  paper  on  "  Electric  Street  Tramways,"  in 
order  to  create  discussion  upon  a  subject  rapidly  growing  in 
importance. 

At  the  outset  the  author  would  like  to  make  it  clear  that  he 
approaches  the  problem  absolutely  without  personal  bias.  He  has 
no  particular  system  to  push  and  no  special  form  of  apparatus  to 
advocate.  His  main  desire  is  to  lay  before  the  Association  the 
arguments  in  favour  of  the  adoption  of  Electric  Tramways  in  this 
country,  especially  in  connection  with  Municipal  Electricity  Supply 
Works. 

By  the  courtesy  of  Messrs.  Siemens  and  Halske,  of  Vienna,  he 
was  enabled  last  year  to  make  a  complete  inspection  of  the  Electric 
Tramways  at  Buda-Pesth. 

These  are  by  far  the  most  important  electric  tramways  in 
Europe,  and  make  .a  most  favourable  impression  upon  a  visitor. 
There  are  16  miles  of  track,  and  the  service  is  a  1^-minute  one. 
The  cars  are  comparatively  small,  light  and  easily  handled. 
There  are  no  seats  on  the  roof,  but  the  full  complement  of  passen- 
gers, inside  and  on  the  back  platform  is  18  sitting,  14  standing 
— total,  32  ;  straps  suspended  from  the  roof  being  provided  for 
those  standing.  The  speed  is  such  that  a  business  man  feels  that 
he  is  making  a  substantial  saving  of  time  in  using  the  cars.  Small 
shop-boys  with  parcels  for  delivery  are  often  encountered.  Over 
street  crossings  a  speed  of  only  3  *  7  miles  is  allowed,  but  on  straight 
runs  a  speed  of  9  miles  is  often  reached,  and  on  the  branch  to 
Steinbruch  a  speed  of  15  miles.  On  this  portion  the  wires  are 
however,  carried  overhead. 
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In  the  heart  of  the  city  passengers  frequently  ride  for 
ridiculously  short  distances,  the  minimum  fare  being  6  kreuzers, 
less  than  l\d.  (1  '2d.).  The  track  is  so  solidly  laid  that  the  cars 
glide  smoothly  along  without  jolting  or  rattling.  Sharp  stopping 
and  starting  is  admirably  effected,  there  being  an  entire  absence  of 
jibbing.  No  electrical  skill  is  required  to  drive  the  cars,  the  drivers 
being  very  low-waged  men. 

There  are  56  cars  running  on  ordinary  days  and  72  on  Sundays. 
As  many  as  60,000  people  have  been  carried  in  one  day,  and  last 
year  the  total  number  of  passengers  was  upwards  of  13,000,000. 
The  gross  revenue  last  year  amounted  to  81,330Z.,  the  working 
expenses  48,878Z.  and  the  net  earnings  32,452Z.  It  must  be 
acknowledged,  however,  that  the  conditions  at  Buda-Pesth  are 
extremely  favourable.  The  bulk  of  the  streets  are  flat,  while  a  very 
gentle  slope  to  the  river  assists  the  drainage  of  the  conduits. 
There  is  only  one  steep  gradient  in  the  whole  run. 

Though  Buda-Pesth  is  important  as  affording  an  almost  unique 
example  of  the  conduit  system,  there  are  many  other  cities  in 
Europe  where  electric  tramways  or  railways  are  in  operation.  In 
Table  I.  the  complete  list  is  given. 

It  will  be  noticed  that  there  are  47  lines  in  operation,  the  total 
length  being  194 J  miles,  and  the  horse-power  employed  14,579 
I.H.P. 

It  is  in  the  United  States,  however,  that  electric  traction  has 
reached  the  greatest  development,  as  will  be  seen  by  the  latest 
published  data  to  the  end  of  1893,  to  which,  however,  considerable 
additions  would  doubtless  have  to  be  made  in  order  to  bring  it 
completely  up  to  date : — 

Mileage  of  Line.  Cars. 

Horse  tramways    3,486  15,680 

Electric     „    7,671  17,974 

Cable        „    676  4,867 

Steam       „    536  657 

Total    ..     ..    12,369  39,178 


Some  wild  computations  have  been  made  of  the  amount  of  capital 
invested,  one  writer  fixing  it  at  50,000,000  dollars,  another,  on 
the  first  page  of  his  book,  at  15,000,OOOZ.,  and  31,000,000?.  on 
almost  the  last,  by  which  he,  perhaps,  intends  to  illustrate,  quite 
a  Yamericaine,  the  rapid  growth — 16,00O,OO0Z.  increase — whilst 
writing  his  short  book. 

Whatever  the  real  amount  of  capital  invested  may  be,  it  is  an 
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Table  I. 


Country  and  Town. 

System. 

1  'aire  OI 

comple- 
tion. 

Length 
of 
line 
(mi  les). 

Total 
driving 
power 

Method  of 
transmission. 

United  Kingdom. 

Portrush  —  Bushmills 

Siemens 

1883 

6 

100 

Third  rail 

(Ireland). 

Holroyd-Smith    . . 

1883 

2 

140 

Conduit 

Ryde  Pier  (I.  W.)  .. 

Siemens 

1883 

I 

12 

Third  rail 

Magnus  Volk 

1884 

1 

20 

Third  rail 

Bessbrook  —  N  e  w  r  y 

Hopkinson  .. 

1885 

3£ 

62 

Third  rail 

(Ireland). 

Birmingham 

El  well-Parker 

1890 

3 

80 

Accumulators 

Southend  Pier  .. 

Crompton 

1890 

I 

50 

Third  rail 

London  (City  and  S. 

Hopkinson 

1890 

3i 

1200 

Third  rail 

London  Railway). 

Anderson-Munro . . 

1891 

H 

50 

Overhead 

Thomson-Houston 

1891 

5J 

200 

Overhead 

Peter  Port  (Guernsey) 

Siemens  Bros. 

1892 

If 

200 

Overhead 

Walsall,  Wednesbury, 

Electric  Construc- 

1 QQ9 

7§ 

ooU 

Overhead 

Darlaston  (S.  Staff.). 

tion  Corporation 

Hopkinson  .. 

1893 

6J 

1600 

Third  rail 

Douglas  —  Grondle 

Hopkinson 

1893 

100 

Overhead 

Glen  (I.  of  Man). 

Germany. 

Lichterfeld  (near 

Siemens  &  Halske 

1881 

2J 

60 

Overhead 

Berlin). 

Frankfort — Offenbach 

Siemens  &  Halske 

1884 

4i 

160 

Overhead 

Halle  

Sprague 

(1891 
\1892 

9} 

350 

Overhead 

Sprague       . . 

1892 

5 

525 

Overhead 

T  homson-Houston 

1892 

450 

Overhead 

Siemens  &  Halske 

1893 

400 

Overhead 

Sprague 

1893 

ii 

600 

Overhead 

Siemens  &  Halske 

1893 

270 

Overhead 

Thomson-Houston 

1893 

5* 

330 

Overhead 

Siemens  &  Halske 

lOifo 

1 

Overhead 

Sprague 

1893 

7f 

400 

Overhead 

Austria-Hungary. 

Modi  in  g-Vienna 

Siemens  &  Halske 

1883 

2| 

195 

Overhead 

Buda-pesth 

Siemens  &  Halske 

1889 

12f 

Conduit 

Buda-pesth 

Siemens  &  Halske 

1893 

31 

|  900 j 

Overhead 

Siemens  &  Halske 

1893 

3{ 

400 

Overhead 

Baden- Voslau 

Schuckert    . . 

3 

60 

Overhead 
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Table  I.— continued. 


Country  and  Town. 

System. 

Date  of 
comple- 
tion. 

Length 
of 
line 
(miles). 

Total 
driving 
power 
(h.p.) 

Method  of 
transmission. 

Belgium. 

Liege-Herstal 

Compagnie  Inter- 
nationale d'lSlec- 
tricite. 

1893 

2 

120 

Overhead 

Spain. 

Thomson-Houston 

1891 

8| 

280 

Overhead 

France. 

Clermont-Ferrand 

Paris — 
Madeleine-Saint-Denis 
Opera-Saint-Denis    . . 

UUIUL/ttUA        UUUDUll    •  • 

Oerlikon 

Compagnie  de  V  In- 
dustrie Electrique, 
de  Geneve. 

T'finmsrvn  -TTnn  «*tnn 

1890 
1892 

1892 
1893 
1892 

1893 

4* 
8| 

H\ 

5fJ 

H 

3 

500 
750 

375 
500 

300 

Overhead 
Overhead 

Accumulators 
Overhead 

\J  V  Cl  Jacdtl 

Italy. 

Florence-Fiesole      . . 

Sprague  and  Thom- 
son-Houston. 
Siemens  &  Halske 

Thomson-Houston 

1890 

1892 
1893 
1893 

4£ 

1J 
i 

2 

250 

300 
130 
300 

Overhead 

Overhead 
Overhead 
Overhead 

Russia. 

Sprague 

1892 

2 

120 

Overhead 

Switzerland. 

Vevey-Montreuse 
Sirrach-Gelterkinden 
Grutsch-Miirreu 
Orbe-Chavor  u  ay 

Stansatad-  Staus 

Oerlikon 
Oerlikon 

Compagnie  de  Pln- 
dustrie  Electrique, 
de  Geneve. 
Do. 

1887 
1891 
1891 
1893 

1893 

6j 
2 

2J 
2J 

1 

600 
40 
150 
130 

40 

Overhead 
Overhead 
Overhead 
Overhead 

Overhead 

Totals  .. 

194i 

14579 
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undoubted  fact  that  horse  trams  have  fallen  into  quite  a  secondary 
place  in  America. 

It  is  interesting  to  consider  the  reasons  which  have  led  to  the 
great  extension  of  electric  traction  and  to  the  almost  universal 
opinion  that  horse  traction  must  eventually  disappear  from  all 
main  routes  of  tramways. 

One  of  the  Past  Presidents  of  your  Association,  Mr.  W.  Geo. 
Laws,  M.I.C.E.,  the  City  Engineer  of  Newcastle-on-Tyne,  has, 
within  the  past  few  weeks,  presented  a  most  able  report  to  his 
Tramways  Committee  on  the  best  system  of  tramways  suitable 
for  Newcastle.  Under  the  head  of  Horse  Traction  System  he 
says :  — 

"  This  is  the  system  at  present  in  use  in  Newcastle,  and  in  many 
respects  it  fails  to  meet  the  public  wants. 

"  The  main  facts  of  the  Newcastle  Tramways  are  as  follows : — 


The  mileage  open  (single  line)  is   14  miles 

The  length  of  route  worked                        ...     ..  9  „ 

The  number  of  miles  run,  per  annum   615,000 

Passengers  carried,  per  annum    3,890,000 

Keceipts  per  mile  run    12 '65cZ. 

Expenses  per  mile  run      11*  25c?. 

Average  total  receipts    £32,000 

Average  total  expenses   £29,000 


No.  of  cars,  34.    No.  of  horses,  281. 

"  The  service  of  the  chief  lines  of  route  is  at  10-minute  intervals 
to  and  from  Scotswood,  Gosfbrth  and  Byker ;  20-minute  intervals 
to  and  from  Elswick  and  Arthur's  Hill ;  and  at  40-minute  intervals 
to  and  from  Jesmond  Eoad. 

"  The  average  speed  of  the  cars  (exclusive  of  waits  at  terminus) 
is  5  miles  per  hour. 

"  There  is  no  attempt  made  to  cultivate  the  short  or  intermediate 
traffic,  and  no  one  who  is  in  a  hurry  dreams  of  waiting  for  the  cars. 
At  present,  any  one  who  has  to  go  a  mile  can  be  pretty  sure  of 
walking  it  before  a  car  passes  him,  and  even  up  to  1|  miles  he  has 
an  even  chance  of  coming  in  first,  and  will  certainly  'save  his 
distance.' 

"  Thus,  only  the  long-distance  traffic  is  catered  for,  and  the 
short  penny  fares  are  as  far  as  possible  discouraged. 

"  If  the  cars  were  run  at  intervals  of  five  minutes  or  less,  every- 
one could  reckon  on  not  having  to  wait  longer  on  the  average  than 
2£  minutes,  and  many  more  persons  would  use  the  cars  for  short 
distances. 
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w  The  invariable  result,  in  towns,  has  been  that  quickening  the 
service,  that  is,  reducing  the  intervals  between  cars,  has  greatly 
increased  the  total  number  carried,  and  reduced  slightly  the  average 
distance  travelled.  And  those  lines  which  have  catered  best  for  the 
short  distance  riders  have  been  most  successful  in  reducing  the 
expenses  per  car  mile,  which  is  the  great  secret  of  success  in  street 
tramways. 

"  Horse  traction,  therefore,  must  soon  become  a  thing  of  the 
past,  except  in  country  districts  and  for  feeder  lines. 

"  Every  car  requires  four  pairs  of  horses  to  keep  it  running,  and 
they  must  be  fed  ;  and,  in  practice,  it  is  found  that  it  is  not 
possible  to  reduce  the  cost  on  the  horse  system  below  lOd.  per  car 
mile,  which  cost  is  not  at  all  affected  by  the  numbers  carried,  and 
varies  only  with  the  price  of  hay  and  corn." 

During  visits  paid  by  the  author  to  New  York  in  1883  and 
1888  he  was  struck  by  the  enormous  number  of  horse  cars  in 
work.  These  have  all  been  abolished  and  not  one  is  now  to  be 
found  in  any  of  the  main  thoroughfares  of  that  city. 

There  is  no  doubt  that  the  better  speed  and  easier  manipulation 
of  cable  and  electric  trams  has  greatly  facilitated  the  change. 

Mr.  Carl  Herring*  says  : — 

"  The  development  of  the  street  railway  has  as  much,  or  perhaps 
more,  to  do  with  the  growth  and  prosperity  of  towns  and  cities  than 
any  other  one  thing,  as  the  transportation  of  people  through  the 
city  is  most  intimately  connected  with  the  social  and  business  life 
of  the  people.  The  daily  loss  of  time  to  the  people  of  any  city 
where  horse-car  lines  are  run  at  4  to  6  miles  an  hour,  when  com- 
pared with  electric  roads  running  at  6  to  12  miles,  is  far  greater 
than  one  would  at  first  suppose.  The  effect  of  rapid  transit  on  the 
growth  of  cities  is  shown  very  well  in  the  following  extract  from  a 
paper  by  Mr.  Griffin,  from  which  will  be  seen  what  an  important 
effect  rapid  transit  has  on  the  increased  value  of  property  in  and 
about  towns  and  cities : — 

" '  Let  us  assume  that  a  man  can  allow  30  minutes  morning  and 
evening  for  his  car  ride,  paying  five  cents  (2^d.)  for  each  ride.  At 
the  rate  of  6  miles  per  hour — fast  for  horses — he  has  a  radius  of  3 
miles  and  an  area  of  28£  square  miles  within  which  to  select  a 
home.  At  the  rate  of  9  miles  per  hour — slow  for  electricity — he 
has  a  radius  of  4^  miles  and  an  area  of  63^  square  miles  within 

*  4  Kecent  Progress  in  Electric  Railways,'  by  Carl  Herring,  1892 :  Whit- 
taker  &  Co. 
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which  to  select  a  home.  An  increase  of  only  3  miles  per  hour  in 
rapidity  of  transit  doubles  the  available  residence  area  without 
increasing  the  time  or  expenses  of  the  labourer  in  going  to  and 
from  his  work.'  " 

One  of  the  most  pressing  problems  encountered  by  members  of 
Corporations,  and  especially  by  borough  engineers,  is  that  con- 
nected with  the  overcrowding  of  ever-increasing  urban  popula- 
tions; and  one  of  the  easiest,  and  at  the  same  time  soundest, 
solutions  of  the  problem  is  the  provision  of  cheap  and  expeditious 
transit,  by  which  the  spreading  out  of  the  population  is  facilitated, 
and  pure  air  and  more  wholesome  surroundings  are  placed  within 
the  reach  of  the  great  bulk  of  the  ratepayers. 

We  have,  then,  to  consider  how  this  cheap,  quick  transit  can  be 
best  obtained. 

To  again  quote  from  Mr.  Laws'  recent  report : — 

"  It  seems  unnecessary  to  further  consider  horse  traction  at  all. 
It  has  done  fairly  well  in  the  past,  and  has  served  its  purpose  and 
become  obsolete  as  not  meeting  the  public  wants.  The  town,  in 
fact,  has  outgrown  it,  and  wants  something  more  modern,  and 
offering  greater  facilities  in  speed,  accommodation  and  cheapness." 

The  choice,  indeed,  lies  between  electric,  cable,  steam,  gas,  and 
oil  traction.  Each  one  of  these  methods  is  of  sufficient  importance 
to  form  the  subject  of  a  separate  discussion,  and  for  the  purpose  of 
keeping  the  present  paper  within  the  prescribed  limits,  attention  is 
limited  to  electric  traction. 

Discussion  of  the  subject  from  a  purely  electrical  point  of  view 
would,  it  is  conceived,  be  quite  out  of  place  on  this  occasion ;  and 
if,  in  the  endeavour  to  deal  with  it  from  a  popular  standpoint,  the 
information  is  at  times  deemed  to  be  too  elementary,  the  author 
pleads  as  an  excuse  that  there  are  still  some  borough  and  county 
engineers  who  have  not  yet  been  compelled  to  add  a  knowledge  of 
the  science  of  electricity  to  their  already  multifarious  attainments. 

At  the  outset  it  may  be  remarked  that  those  who  are  so  often 
heard  predicting  that  electricity  or,  to  speak  more  correctly,  elec- 
trical energy  will  eventually  supersede  steam  as  a  prime  motive 
power,  are  either  somewhat  confused  in  their  ideas  or  are  very 
much  ahead  of  the  present  knowledge  on  the  subject. 

All  the  Members  of  the  Association  are  doubtless  aware  that 
electrical  energy  on  a  large  scale  is  obtained  by  the  more  or  less 
rapid  revolution  of  coils  of  carefully  insulated  conductors  in  close 
proximity  to,  though  not  in  actual  contact  with  magnets. 
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Before,  then,  electrical  energy  can  be  generated,  a  prime  motive 
power  has  to  be  imported  in  order  to  turn  round  the  revolving 
portion  of  the  dynamo  machine. 

The  engine  that  is  doing  the  work  may  be  driven  by  water,  oil, 
gas,  or  steam  ;  but  without  such  an  engine  the  revolving  portion 
of  the  dynamo  is  at  rest,  and  there  is  no  electrical  energy. 

The  first  requisite,  therefore,  in  electric  traction  is  a  "  Central 
Station/'  as  it  was  first  named,  though  more  recent  practice  dic- 
tates the  term  "  Electricity  Supply  Works,"  or  even  "  Electricity 
Works,"  like  Gas  Works — or,  more  ambiguously,  "  Power  House." 

Granted,  then,  the  existence  of  electricity  works— -owned,  it  is  to 
be  presumed,  by  the  Local  Authority — the  next  point  to  be  con- 
sidered is  how  the  electrical  energy  produced  there  can  be  made  to 
do  traction  work — one,  three,  or,  if  need  be,  five  miles  or  more 
away. 

It  is,  perhaps,  hardly  necessary  to  explain  that  the  electrical 
energy  produced  by  the  revolutions  of  the  revolving  part,  or 
"  armature,"  of  the  dynamo  is  led  away  by  isolated  wires  taken 
along  the  shaft  of  the  armature  to  a  "commutator,"  upon  which 
there  is  a  pressing  contact  which  conveys  the  electrical  energy  to 
the  terminals  of  the  dynamo. 

If  a  pair  of  cables  be  attached  to  the  two  terminals  (  +  and — ) 
and  these  cables  be  led  away  from  the  dynamo,  the  electrical 
energy  will  be  as  ready  for  work  along  the  whole  length  of  the 
cables  as  in  the  dynamo  itself. 

To  make  clear  how  this  is  accomplished,  a  few  technical  details 
must  be  indulged  in. 

All  dynamo  electric  machines,  however  they  may  differ  in 
construction,  are  designed  to  produce  a  difference  of  pressure 
between  the  two  points  known  as  the  positive  and  negative  poles 
or  u  terminals  "  of  the  machine,  and  this  difference  of  pressure  or 
electro-motive-force  (commonly  written  E.M.F.)  causes  an  electric 
current  to  flow  through  any  conductors  that  connect  the  positive 
and  negative  poles,  when  the  circuit  is  "  closed  "  or  completed. 
The  current  which  flows  is  in  direct  proportion  to  the  difference  in 
E.M.F.  between  the  poles  and  inversely  to  the  resistance  of  the 
conductor  along  which  it  passes. 

The  term  electrical  energy  is  used  to  describe  electricity  under 
pressure.  As  soon  as  the  pressure  is  "  generated  "  in  the  dynamo, 
the  whole  of  the  system  of  mains  or  conductors  connected  with  it 
is  at  once  "  charged." 
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It  is  evident  that,  in  order  to  make  the  electrical  energy  perform 
only  its  legitimate  work,  it  is  necessary  to  take  care  that  it  does 
not  leak  from  terminal  to  terminal,  or  from  the  conductors  joined 
thereto. 

If  these  conductors,  consisting,  say,  of  copper  rods  or  copper 
cable,  were  laid  bare  in  the  earth  without  proper  insulation,  the 
electricity  would  use  the  earth  as  a  short  path  from  the  positive 
to  the  negative  pole,  and  so  would  avoid  the  work  for  which  it  is 
required. 

When  wires  conveying  electricity  are  run  overhead  they  are 
frequently,  as  in  the  case  of  the  telegraphs,  left  bare,  as  the  air  is  a 
perfect  insulator ;  but  even  then,  where  the  wires  are  attached  to 
the  posts,  they  have  to  be  attached  to  insulators. 

When,  however,  the  conductors  are  placed  underground,  they 
are  covered  with  a  non-conducting  or  insulating  material,  or  are 
otherwise  carefully  insulated. 

The  following  illustrations  will  perhaps  simplify  the  descrip- 
tion : — 


-   1  -  l  1 

FlG.  1. — DIRECT  PARALLEL  OPEN  CIRCUIT. 


J?IG.  2. — DIRECT  PARALLEL  CLOSED  CIRCUIT. 

The  large  circle  represents  the  dynamo,  and  the  adjacent  small 
circles  its  terminals,  by  means  of  which  the  conductors  are 
attached  to  it. 
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It  will  be  seen  that  the  dynamo  terminals  are  connected  to  a 
cable  or  main  running  from  each,  but  there  is  no  path  for  the 
electricity  from  the  positive  to  the  negative  conductor  (presuming 
that  the  cables  are  well  insulated)  until  lamps  or  other  con- 
necting links  are  attached.  In  the  foregoing  illustration  (Fig.  2.) 
a  path  or  circuit  is  formed  through  lamps.  When  the  electrical 
energy  passes  through  and  along  the  filaments  inside  the  lamps, 
the  filaments,  by  reason  of  the  resistance  which  they  offer  to  the 
passage  of  the  electric  current,  are  made  white  hot,  and  thereby 
light-giving. 

In  the  case  of  electric  traction  the  motors  on  the  tram  cars 
introduce  back  pressure,  and  thus  take  the  place  of  the  lamps  in 
the  above  illustration.    (Fig.  2.) 

To  the  Vienna  Exhibition  of  1873  is  assigned  the  credit  of  the 
discovery,  whether  accidental  or  otherwise  is  disputed,  that  if  the 
electrical  energy  produced  by  the  revolutions  of  the  revolving 
portion  or  armature  of  a  dynamo  be  conveyed  by  the  conductors 
issuing  from  it  into  another  dynamo,  the  armature  of  the  second 
dynamo  will  at  once  revolve,  and,  under  certain  conditions,  at  sub- 
stantially the  same  rate  as  the  original  dynamo. 

If,  then,  the  second  dynamo,  named  the  motor,  be  fixed  beneath 
a  tramcar,  and  its  projecting  shaft  geared  on  to  the  axle  of  the 
wheels  of  the  tram  car,  the  wheels  of  the  car  are  set  in  motion 
whenever  the  electrical  energy  from  the  stationary  dynamo  at  the 
works  is  switched  into  the  motor. 

Fig.  3  shows  a  motor  attached  to  a  bogey,  from  which  the  tram 
car  has  been  lifted.  It  is  not  intended  to  illustrate  the  most 
perfect  form  of  gearing,  but  it  is  chosen  as  very  clearly  exemplify- 
ing the  position  of  the  motor  fixed  under  the  car. 

Very  ingenious  are  the  various  switching  devices,  and  also  the 
means  taken  to  decrease  and  increase  the  speed,  but  as  a  description 
of  these  would  be  entirely  technical,  attention  can  be  more  profit- 
ably given  to  a  branch  of  the  subject  especially  interesting  to  the 
Members  of  the  Association,  viz.  the  various  systems  by  which  the 
electrical  energy  is  "  conducted  "  from  the  electricity  works  to  the 
moving  car. 

Considering  that  a  tram  car  must  by  its  very  nature  run  on  a 
pair  of  rails,  it  would  appear  to  be  a  very  simple  thing  to  connect 
one  rail  to  the  positive  pole  of  the  stationary  dynamo  and  the 
other  to  the  negative  pole,  so  that  the  one  rail  should  form  the 
outward  path  for  the  electrical  energy  and  the  other  the  homeward 


318 


ELECTRIC  STREET  TRAMWAYS. 


path.  Such  was  the  plan  adopted  by  Mr.  Magnus  Volk  in  his 
little  pioneer  electric  railway  at  Brighton.  The  children  playing 
on  the  beach  soon  learnt  by  sundry  practical  demonstrations  in 
corpore  vili  to  avoid  those  rails,  though  the  more  mischievous  took 
their  revenge  by  surreptitiously  placing  conductors  across  them, 
often  thereby  affording  the  electrical  energy  an  easier  path  back  to 
the  stationary  dynamo  than  that  provided  by  Mr.  Volk  through 
the  motor  on  the  car,  so  bringing  the  same  to  a  standstill. 

The  E.M.F.,  or  difference  of  pressure  between  the  rails,  was  not 
enough  to  do  bodily  harm,  it  being  possible  to  keep  it  low  on 
account  of  the  shortness  of  the  length  of  line. 

The  first  electric  railway  constructed  by  Messrs  Siemens  and 
Halske,  at  Lichterfeld,  was  on  this  system,  but  the  track  is  raised 
about  6  inches  above  the  level  of  the  public  road  in  order  to  prevent 
other  vehicles  using  it. 

It  is  evident,  however,  that  open  rails  capable  of  administering 
shocks,  however  far  removed  from  dangerous,  could  not  be  tolerated 
in  the  public  streets,  and  attention  was  early  given  to  other  means 
of  conveying  the  electrical  energy  to  the  moving  car. 

The  main  systems  may  be  divided  into — 
I. — Accumulator. 
II. — Overhead. 
III.— Conduit. 

I. — Accumulator  System. 

In  this  system  the  stationary  dynamo  is  used  to  "  charge " 
secondary  batteries  or  accumulators.  These  are  packed  in 
batches  under  the  seats  of  the  car,  and  when  it  speeds  on  its 
course  all  difficulties  with  regard  to  the  method  of  conveying  the 
electrical  energy  to  the  motor  vanish,  the  moving  power  being  of 
course  carried  on  the  car  itself. 

Here  would  appear  to  be  the  model  system  of  electric  traction, 
but  unfortunately  the  drawbacks  to  the  present  methods  of 
"  storing  "  have  hitherto  proved  a  complete  bar  to  its  extension. 

To  grasp  an  idea  of  these  it  must  be  understood  what  the  so- 
called  storage  consists  of. 

As  a  matter  of  fact  u  storage  "  is  a  complete  misnomer  for  the 
effects  produced,  which  are  in  reality  due  to  chemical  action  and 
reaction. 

Lead  plates,  usually,  in  the  case  of  traction,  7  inches  long  by 
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6  inches  wide,  a  little  more  than  J-  inch  thick,  and  about  20  in 
number,  are  fixed,  with  slight  spaces  between  them,  in  boxes  made 
of  ebonite  or  teak,  and  each  box,  or  cell,  is  filled  with  dilute 
sulphuric  acid. 

The  plates  are  generally  made  in  the  form  of  grids. 

The  holes  when  charged  are  filled  with  pellets  of  peroxide  of  lead 
in  the  case  of  the  positive  plates,  and  with  spongy  lead  in  the  case 
of  the  negative  ones. 

On  discharge,  oxygen  and  hydrogen  are  formed  from  the  acid 
liquid,  the  oxygen  attacks  the  spongy  lead,  while  the  hydrogen 
robs  the  positive  plate  of  a  large  portion  of  its  oxygen.  When  the 
plates  are  re-charged,  oxygen  and  hydrogen  are  again  formed,  but 


Fig.  4. — typical  grid  for  accumulator. 


this  time  the  hydrogen  takes  the  oxygen  from  the  negative  plate, 
turning  the  pellets  back  into  spongy  lead,  while  the  oxygen  goes 
to  the  positive  plate  to  replace  the  oxygen  taken  from  it  during  the 
discharge.  There  are  certain  intermediate  and  local  reactions 
which  take  place,  of  a  nature  too  technical  to  be  described  here. 
Unfortunately  the  constant  chemical  changes  taking  place — some 
essential,  others  unavoidable — eventually  rot  away  the  plates  of  the 
best  batteries. 

It  will  be  seen  that  "  storage  "  is  altogether  a  very  complicated 
process. 

Again,  the  plates  secure  the  longest  life  by  a  slow  and  regular 
rate  of  discharge,  but  the  conditions  of  tramway  working  involve 
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exactly  the  opposite,  in  consequence  of  the  constant  stoppages  and 
the  varying  gradients. 

The  following  diagram  represents  an  actual  ten  minutes'  record 
of  a  line  four  miles  in  extent,  on  which  seven  cars  were  running. 

There  are,  it  will  be  noticed,  sudden  variations,  one  of  which  is 
from  zero  to  150  horse-power. 

This  is  over  the  whole  system.  In  the  case  of  accumulator 
cars,  the  maximum  on  any  particular  car  is,  of  course,  the  power 
required  for  the  heaviest  gradient. 

Not  only  is  this  variation  disastrous  for  the  plates,  but  it 
involves,  on  all  but  quite  level  lines,  the  provision  on  the  cars  of  a 


Fig.  5. — variation  of  "power  "  used  on  electric  tramway. 


large  margin  of  power.  In  the  systems  where  the  motors  on  the 
cars  are  in  direct  connection  with  the  stationary  plant  at  the 
electricity  works,  this  margin  exists,  there,  in  the  form  of  dynamos 
and  engines,  which  can  be  taxed  to  their  utmost  without  injurious 
effects. 

If,  however,  batteries  are  over- taxed  they  suffer  considerably, 
and  if  they  be  increased  to  a  size  capable  of  giving  off  the  maxi- 
mum current  without  over-taxing,  their  weight  becomes  unwieldy  ; 
indeed,  the  weight  difficulty  is,  perhaps,  the  most  serious  one  in 
accumulator  traction. 

Before,  however,  dealing  specially  with  the  question  of  weight, 


ELECTRIC  STREET  TRAMWAYS. 


323 


it  will  be  well  to  dispose  of  the  question  of  deterioration.  Not 
only  is  this  accelerated  by  the  rapid  variation  of  the  output, 
but  it  is  also  increased  by  irregularities  in  the  track  causing 
jolting. 

When  the  storage  system  was  abandoned  in  Brussels  it  was 
stated  that  200  days  was  the  length  of  life  of  the  positive  plates. 
Eeports  from  other  places  give  the  life  of  batteries  at  less  than  a 
year.  It  is  true  that  a  longer  life  is  claimed  by  some  makers, 
but  it  may  be  stated  with  certainty  that  the  cost  of  maintenance 
of  accumulators,  running  up  sometimes  to  100  per  cent,  per 
annum,  is,  with  the  cells  at  present  in  use,  except  under  exceptional 
treatment  in  the  hands  of  experts,  never  below  50  per  cent,  per 
annum. 

Beturning  to  the  question  of  weight.  Taking,  as  a  basis,  plates 
of  the  size  already  referred  to,  and  presuming  that  each  box  con- 
tained 21  plates,  the  plates  would  weigh  about  30  lbs.,  and  the 
whole  box  complete  about  50  lbs. 

Upon  the  size  and  number  of  the  plates  in  each  cell  depend  the 
quantity  of  electricity  given  off  by  the  cell ;  but,  however  large 
or  small  the  cell  may  be,  the  pressure  is  only  2  volts,  so  that  70  to 
75  cells  are  required  to  produce  a  pressure  of  140  to  150  volts, 
suitable  for  working  the  motor. 

Taking  72  cells  as  a  usual  number,  the  total  weight  works  out 
3600  lbs.,  or  rather  more  than  1 J  tons.  The  car  must  of  course 
be  built  on  stronger  lines  to  carry  the  extra  weight.  In  America 
a  standard  16-foot  car,  with  its  two  15  horse-power  motors,  weighs 
about  5  tons,  and  the  addition  of  the  accumulators  brings  it  up  to 
about  7  tons.  In  some  recent  statistics  on  the  subject  published 
by  Mr.  Epstein,*  10  tons  is  given  as  the  weight  of  the  accumulator 
car,  as  against  8  tons,  the  weight  of  an  ordinary  car,  including,  in 
both  cases,  40  passengers. 

The  heavier  cars  pound  the  track  in  a  way  to  cause  serious 
deterioration.  The  heavier  weight  has  always  to  be  conveyed, 
"  hail,  rain,  or  shine." 

Mr.  Epstein,  a  strong  advocate  of  accumulator  traction,  gives  in 
the  article  above  mentioned  the  following  table. 

The  only  two  accumulator  lines  in  Europe  are  the  "  Saint 
Denis  "  line,  in  Paris,  and  that  belonging  to  the  "  Birmingham 
Central/ ' 

*  "  More  Light  on  Electric  Traction,"  by  L.  Epstein.  Electrical  Review,  vol. 
xxxiv.  p.  28. 
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Table  II. — Estimated  Cost  of  Working. — Accumulators. 
Cars  for  40  passengers. 


Pence  per  car  mile. 

Lowest. 

Highest. 

Average. 

1. 

Running  Expenses 
(c)  Brushes  on  motors  and  lubrication  .. 

( p\    TT) vi  vprc'  mo  reps  . 

•20 
•03 
•10 
•50 
•50 

1 
1 

60 
08 
30 
00 
00 

•40 
•05 
•20 
•75 
•75 

1-33 

o 

L 

no 

yo 

2-15 

o 
A. 

•50 

1 

00 

•75 

3. 

•25 

75 

•50 

4. 

Traffic  Expenses. 
Wages  of  inspectors,  cashiers,  time-keepers, 
conductors,  tickets  and  miscellaneous 

1-00 

2 

00 

1  50 

5. 

General  Charges, 
Directors'  fees,  salaries,  office  expenses,  ad- 
vertisements, insurance  aud  miscellaneous, 

•50 

1 

00 

•75 

6. 

•50 

1 

50 

1-00 

7. 

•50 

1 

00 

•75 

Total  working  and  general  expenses 

4-58 

10 

•23 

7-40 

1-77 

2 

•64 

2-20 

6-35 

12-87 

9-60 

The  cars  on  the  Saint  Denis  line  weigh  12  tons,  including 
passengers.  A  recent  return  gives  the  cost  of  working  per  kilo- 
metre run  at  53  centimes,  as  against  56  centimes  for  horse  traction. 
This  is  equivalent  to  slightly  over  8d.  per  car  mile. 

With  regard  to  the  Birmingham  Central  line  Mr.  Broekman, 
the  engineer,  as  the  result  of  daily  tests,  gives  3 1 928d.  as  the  cost 
of  traction  per  car  mile  run.  The  total  costs,  as  gathered  from  the 
last  report,  were  16*55cZ.,  being  an  increase  of  1'JfieZ.  upon  that  of 
the  previous  year.  There  would  appear  to  be  a  large  margin  for 
economies  in  management.  The  net  loss  on  the  year's  running  was 
9b7.,  as  compared  with  1600Z.  in  the  previous  year. 

On  a  recent  inspection  of  the  line  the  author  found  a  most 
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satisfactory,  smooth,  trustworthy,  and  apparently  very  popular 
10  minutes'  service. 

In  order  to  make  the  labour  of  changing  the  batteries  on  the  cars 
as  light  as  possible,  they  are  "  charged  "  on  hydraulic  elevators, 
which  are  so  placed  as  to  leave  just  room  for  a  car  to  run  between 
them.  The  operation  of  changing  is  perfectly  simple;  the  car  is 
run  between  lifts,  so  placed  that  a  vacant  shelf  is  on  the  level  with 
the  floor  of  the  car  :  the  exhausted  batteries  are  then  drawn  out, 
the  lift  raised  until  a  shelf  containing  newly  charged  batteries  is  at 
the  proper  level,  and  the  cells  are  quickly  pushed  into  the  car  ;  the 
entire  operation  requiring  the  service  of  two  men  for  only  two  or 
three  minutes. 

The  work  of  " charging  the  batteries"  affords  such  a  regular 
load  that  the  engines  and  dynamos  can  always  be  kept  running  at 
their  most  economical  load,  and  therefore  much  more  efficiently 
than  when  connected  direct  to  the  motor  on  the  moving  car  with 
all  its  rapid  variations  of  load. 

With  regard  to  capital  outlay,  the  advantage  would  be  on  the 
side  of  the  accumulator  system  in  the  case  of  a  long  run  with  few 
cars,  though  on  a  line  with  a  large  number  of  cars  this  advantage 
would  be  lost. 

Capital  outlay  is  of  course  largely  affected  by  local  conditions, 
but  7000Z.  per  mile  for  a  10  minutes'  service  may  be  taken  as  a 
guide  to  the  cost  of  the  accumulator  system. 

Finally,  with  regard  to  cost  of  running,  the  results  of  actual 
work  in  the  United  States  tend  to  show  that  the  accumulator 
system  requires  an  expenditure  of  1  ■  5  horse-power  hour  per  car 
mile,  as  against  1  horse-power  of  the  overhead  system. 

This  is,  of  course,  due  to  the  extra  dead  weight  carried. 

If  this  dead  weight  could  be  reduced  without  impairing  the  all- 
round  efficiency  of  the  accumulators,  their  use  for  traction  would 
be  greatly  facilitated. 

Before  the  paper  is  closed,  attention  will  be  drawn  to  means  by 
which  possibly  they  could  be  advantageously  used,  in  spite  of  all 
their  drawbacks. 

II. — Overhead  System. 

By  a  glance  at  Table  I.,  containing  the  list  of  electric  tramways 
and  railways  at  present  in  operation  in  Europe,  it  will  be  seen  that 
they  are  divided  as  to  systems  as  follows : — 
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Overhead 
wires. 

Conduit. 

Accumu- 
lators. 

3rd  Rail. 

5 

1 

1 

Y* 

11 

4 

i 

1 

1 

.. 

France 

4 

Italy   

4 

1 

S 

Total  .. 

36 

2 

2 

7* 

Summary. 

Overhead  wires                                  ,   36 

Conduit    2 

Accumulators    2 

3rd  Rail    7 

Total  number  of  electric  tramways  and  railways  in  Europe  47 


It  will  be  seen  that  by  far  the  largest  number  of  street  tram- 
ways in  Europe  are  worked  by  means  of  overhead  wires,  and  in 
the  States  the  whole  of  the  8000  miles  in  operation  are  so  worked. 

The  South  Staffordshire  Electric  Tramways,  inspected  by  the 
Members  of  the  Association  last  year,  as  well  as  those  at  Koundhay 
Park,  Leeds,  are  on  this  system. 

The  latter  line  is  erected  exactly  on  the  American  plan.  There 
are  poles  on  each  side  of  the  road,  carrying  the  feeders  and  the 
span  wires,  by  means  of  which  the  "  trolley  wire "  is  suspended 
over  the  middle  of  the  road.  The  "  trolley  wire 99  is,  at  various 
points,  fed  by  the  feeders,  and  from  it  the  electrical  energy  is  con- 
veyed by  a  pressing  contact — the  "  trolley  " — through  a  stiff"  fork  " 
arrangement  to  the  motor  on  the  moving  car. 

Under  this  system  it  is  of  course  necessary  that  the  overhead 
u  trolley  wire  "  should  be  bare,  but  though  the  pressure  at  which 
the  electricity  is  delivered  along  it  is  sufficient  to  imperil  life,  no 
accidents  appear  to  have  taken  place  in  America,  where  18,000  cars 
are  now  in  daily  use. 

On  the  South  Staffordshire  line  the  use  of  the  span- wire  system 
is  avoided.  Mr.  Alfred  Dickinson,  A.M.  Inst.  C.E ,  the  engineer  of 
the  line,  designed  a  system  by  which  the  "  trolley  wire "  and 

*  Including  City  and  South  London  Underground,  and  Liverpool  Overhead. 
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feeders  are  carried  on  one  side  of  the  road,  contact  being  made  with 
a  "  fishing-rod  "  arrangement. 

The  following  is  an  extract  from  the  evidence  given  last  year 
before  the  Electric  Powers  (Protective  Glauses)  Committee  by- 
Mr.  J.  E.  Cooper,  the  Town  Clerk  of  "Walsall,  as  to  the  South 
Staffordshire  line : — 

2693.  "  Can  you  give  me  just  a  few  figures  to  show  how  the 
service  does  facilitate  locomotion  in  the  borough  ?  " 

"  Yes,  first  of  all,  we  have  a  much  improved  service ;  there  is 
now  during  the  greater  part  of  the  day  a  15-minute  service,  and 
we  are  not  without  hope  that  the  time  is  not  far  distant  when  we 
shall  have  what  the  tramway  people  call  an  '  in-sight '  service,  that 
is  to  say,  that  there  shall  always  be  a  car  in  sight.  Now  there  is 
one  every  15  minutes.  The  service  is  quick ;  the  cars  are  much 
cleaner  than  the  old  steam  cars,  because  there  is  no  smoke  or  steam  ; 
and  there  is  considerably  less  noise.  The  car  is  also  much  smaller 
than  the  old  steam  car ;  it  is  only  about  the  size  of  an  ordinary 
London  omnibus,  having  seats  on  the  top,  to  which  there  is  no 
cover.  Under  the  old  system  of  steam  there  was  the  steam  engine  ; 
there  was  also  a  much  larger  car  with  a  cover  over  the  top.  Then 
that  caused  a  good  deal  of  difficulty  in  vehicular  traffic,  such  as 
horses  taking  fright  at  it.  The  number  of  miles  run  for  the  five 
months  ending  May  31,  1892,  was  69,679." 

2694.  "  Those  are  steam  miles  ?  "  "  That  is,  under  steam." 

2695.  "  Now,  electric  in  the  same  five  months  this  year  ?  " 
«  93,079." 

2696.  "  A  very  large  increase  of  mileage.  Now,  with  regard  to 
passengers  in  the  same  time  in  1892  and  1893,  steam  carried 
336,349  ;  electricity  carried  1,091,342?"  "Yes,  for  the  five 
months  ending  May." 

Mr.  Dickinson,  the  engineer  of  the  South  Staffordshire  line, 
states  last  year's  working  costs  to  be  4 '  6d.  per  car  mile  run. 

Mr.  Graff  Baker,  who  superintended  the  laying  down  of  the 
Leeds  line,  has  entered  into  a  contract  to  equip  a  similar  line  in 
Coventry. 

It  is  evident  that  an  overhead  system  affords  the  cheapest 
method  of  conveying  the  electrical  energy  to  the  car. 

Before  the  above  named  Committee  evidence  was  given  that  in 
Leeds  the  cost  of  running  the  electric  line  was  5^d.  per  car 
mile,  as  compared  with  7  •  77d,  the  cost  of  steam  and  horse  traction 
in  the  same  city,  and  before  the  Electric  and  Cable  Eailways 
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Committee,  Mr.  Preece  stated  that  6d.  per  car  mile  was  the  average 
cost  of  running  in  the  States. 

There  the  success  of  the  overhead  system  has  indeed  been  very- 
great.  Messrs.  Crosby  and  Bell,*  in  reference  to  the  American 
Electric  trams,  say : — 

"  Experience  thus  far  shows  that  the  substitution  of  electricity 
for  horses  is  followed  by  an  increase  in  gross  receipts  ranging  from 
25  per  cent,  to  300  per  cent,  over  the  original  receipts.  Even 
when  the  service  with  horses  has  been  good,  considerable  increase 
(rarely  less  than  30  per  cent.)  is  marked.  No  better  evidence  could 
be  had  of  the  desirability  of  the  electric  railway.  The  expense  per 
car  mile  will  generally  prove  to  be  less  than  by  horses.  We  say 
generally,  because  in  a  city  where  horses  and  forage  are  exceedingly 
cheap,  while  coal  and  mechanical  skill  are  unusually  high,  it  might 
be  impossible  to  secure  the  economy  usually  counted  upon.  As  an 
illustration  of  the  difference,  exemplified  on  a  large  scale,  we 
subjoin  a  statement  made  by  the  West  End  Eailway  Company 
of  Boston,  showing  a  greater  economy  per  car  mile  of  electric 
traction.  It  is  to  be  noted  in  this  case  that  the  figures  for  horses 
represent  the  result  of  years  of  effort  towards  the  best  attainable 
practice,  while  for  electric  traction  the  figures  cover  contract 
prices  for  repairs  made  very  early  in  the  history  of  the  business, 
and  consequently  at  a  higher  price  than  would  now  be  made. 
Moreover,  the  practice  generally  being  new,  it  remains  for  time 
to  develop  those  small  economies  which  show  a  system  at  its 
best. 

"  For  both  horses  and  electricity  these  figures  of  cost  are  high 
as  compared  with  the  rates  attainable  elsewhere.  Coal,  forage 
and  labour  are,  in  Boston,  well  above  the  average  for  the  entire 
country." 

It  is  a  question  whether  the  prejudice  which  exists  in  England 
against  overhead  wires  will  be  overcome  by  the  facilities  which  the 
system  offers  to  cheap  and  rapid  transit. 

Even  if  it  be  deemed  that  the  system  is  not  suitable  for  a  crowded 
town  or  city,  it  may  be  acknowledged  as  quite  permissible  in  the 
suburbs. 

The  opinion  of  the  Members  of  the  Association  would  be  of  great 
value  on  this  point. 

A  few  months  since,  Mr.  W.  H.  Preece,  in  his  '  Notes  of  a  Trip 
to  the  United  States,'  read  before  the  Institution  of  Electrical 
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Table  III. — Operations  op  the  West-end  Street  Railway  Company, 
Boston,  Mass.  (1891). 


Gross  receipts 
General  expenses 
Maintenance  expenses 
Transportation  expenses 
Motive  power 
Total  operating  expenses 
Net  earnings 

Miles  run   

Ratio  of  mileage 
Per  cent,  operating  ex- 
penses. 

Expenses  per  mile  run. 

Motive  power  per  mile 
Oar  repairs  per  mile   . . 
Damages  per  mile 
Conductors  and  drivers 

per  mile. 
Other  expenses  per  mile 
Total  expenses  per  mile 
Earnings  per  mile  run 
Net  earned  per  mile   . . 


April. 


Electric. 


Horse. 


Dollars. 
131,321 
8,193 
9,795 
37,653 
30,194 
85,835 
48,487 
394,459 

36-68 
63-36 


Cents. 

7-65 
1-39 
0-75 
7-33 

4-63 
21-75 
34-05 
12-30 


Dollars. 
344,396 
22,514 
22,692 
114,001 
117,740 
276,947 
67,449 
1,083,887 
73- 


80-62 


Cents. 

10-86 
0-93 
0-78 
8-28 

4-70 
25-55 
31-77 

6'22 


August. 


Electric. 


Horse. 


Dollars. 
136,246 
6,027 
12,498 
31,123 
25,630 
75,278 
60,968 
363,836 

24  92 
57-13 


Cents. 

7-04 
1-57 

0  23 
6-85 

5-00 
20-69 
37-45 
16-76 


Dollars. 
392,474 
18,160 
18,669 
105,953 
113,351 
256,133 
136,341 
1,096,376 

75-08 
64-52 


Cents. 

10-33 
0-03 
0-10 
8-10 

4-81 
23-37 
35-80 
12-43 


Engineers,  spoke  in  strong  condemnation  of  the  overhead  system. 
He  said : — 

"The  trolley  wire  alone  is  not  unsightly,  but  when  it  is 
protected  with  three  guard  wires,  as  at  Boston,  and  the  same  poles 
carry  the  feeders,  it  becomes  hideous,  and  it  is  astonishing  that 
the  American  community  submit  to  it.  Such  a  system  is  impos- 
sible in  England.  This  trolley  wire  must  be  elastic,  otherwise  the 
trolley  itself  frequently  jumps  off  and  stops  the  car.  Attempts 
have  been  made  to  improve  the  appearance  of  the  road  by  using 
handsome  central  iron  poles,  with  solid  brackets  on  each  side  to 
carry  the  two  trolley  wires,  but  the  want  of  elasticity  has  intro- 
duced fresh  evils.  The  trolley  frequently  comes  off,  and  great 
sparking  is  evident. 

"  The  feeling  is  pretty  prevalent  in  the  States  that  the  con- 
ductors must  eventually  go  underground.  Experiments  in  this 
direction  are  being  made  in  several  places,  notably  in  Washington 


330 


ELECTRIC  STREET  TRAMWAYS. 


and  Chicago.  The  trolley  with  its  guard  wires  is  really  an 
abomination,  and  the  disturbances  created  by  insufficient  return 
accommodation  are  annoying  the  telegraph  and  telephone  interests 
and  alarming  the  gas  and  water  companies.  The  future  working 
must  be  metallic  circuits  and  underground  conduits." 

It  must  be  borne  in  mind,  in  this  connection,  that  the  great 
bulk  of  the  electric  lighting  in  the  United  States  is  still  carried  out 
by  means  of  overhead  wires ;  whereas  in  England  these  have 
almost  entirely  given  place  to  underground  systems. 

Before  closing  the  remarks  under  this  head,  attention  must  be 
drawn  to  the  extremely  good  results  given  by  lines  employing  a 
"  third  rail  "  as  the  conductor. 

The  earliest  example  of  this  method  is  the  line  which  was 
opened  for  traffic  over  ten  years  ago,  and  which  is  still  doing 
excellent  work  between  Portrush  and  Bushmills,  in  the  North  of 
Ireland,  a  distance  of  6  miles. 

The  "third  rail/'  which  brings  the  electrical  energy  to  the 
motor,  consists  of  T  iron  weighing  19  lbs.  per  yard.  It  is  carried 
on  creosoted  wooden  posts,  10  feet  apart  and  22  inches  from  the 
inside  rail,  and  17  inches  above  ground.  Limit  of  speed  10  miles 
an  hour. 

Following  close  upon  this  line  in  point  of  time  was  another 
"  third  rail "  line,  namely,  that  constructed  by  Messrs.  Mather  and 
Piatt  between  Bessbrook  and  Newry. 

In  this  line  the  conductor  consists  of  inverted  channel  steel,  laid 
midway  between  the  rails. 

It  is  worked  by  water  power,  and  the  costs  per  tram  mile  were, 
according  to  the  last  data  published,  as  low  as  3 '  94d. 

The  City  and  South  London  costs  (third  rail)  work  out  at  Id.  per 
30-ton  train  mile ;  but  this  is  deemed  high,  and  10<i.  is  taken  as 
the  estimate  of  cost  of  the  180-ton  trains  on  the  proposed  Finsbury 
Park  electric  line. 


III.   Conduit  System. 

By  means  of  this  system  the  objectionable  overhead  wires  are 
dispensed  with,  and  the  drawbacks  to  the  use  of  accumulators 
avoided. 

It  is,  however,  significant  that  there  are,  beyond  the  two  experi- 
mental lines  mentioned  by  Mr.  Preece,  no  conduit  systems  now 
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in  operation  in  the  United  States,  while  there  are  only  two  in 
Europe. 

At  the  opening  of  the  paper  a  description  was  given  of  the 
working  of  the  Buda-Pesth  tramways,  and  attention  drawn  to  the 
excellent  results  obtained  there. 

It  only  remains,  as  far  as  that  city  is  concerned,  to  explain  the 
methods  adopted. 

The  electrical  energy  from  the  stationary  dynamo  is  conveyed 
along  a  continuous  length  of  angle  iron  fixed  in  a  conduit  running 
under  one  of  the  rails,  as  per  Fig.  6. 

The  channel  is  very  solidly  constructed.  At  intervals  of  about 
4  feet  there  are  placed,  on  the  subsoil,  cast-iron  chairs  or  frames 
each  weighing  about  1J  cwt.    There  is  in  the  centre  of  these 


YiG.  6. — SECTION  OF  TRACK,  BUDA-PESTH  TRAMS. 

frames  a  hollow,  of  the  exact  shape  of  the  conduit,  which  is  built 
up  in  concrete  from  frame  to  frame,  the  latter  forming  convenient 
ribs  to  it. 

To  the  chairs  or  frames  there  are  fastened,  by  wrought-iron 
angle  pieces,  two  girder  rails  without  inside  flanges,  the  distance 
apart  of  the  two  girders  being  33  millimetres  (1^  inch)>  forming 
the  slot  through  which  comes  the  collector,  ending  in  a  "  ship," 
making  contact  with  the  two  lengths  of  angle  iron  fixed  on  insu- 
lators one  on  each  side  of  the  iron  frame. 

The  one  length  conveys  the  electrical  energy  from  the  works, 
and  the  other  forms  a  return  circuit. 

Fig.  7  shows  the  chair,  the  shape  of  the  conduit,  and  the  angle 
irons,  the  one  on  the  right  being,  of  course,  continued  till  it  rests 
on  the  angle-shaped  insulator. 
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The  depth  of  the  conduit  from  the  road  level  is  27  J  inches,  and 
the  angle  iron  conductors  being  fixed  near  the,  top  there  is  ample 
space  for  any  debris  falling  through  the  slot  to  get  clear,  and  also 
room  for  any  water  that  may  enter  to  flow  away. 

It  is  universally  admitted  that  a  slot  of  ly5^  inch  width  would  be 
quite  unsuitable  for  an  English  town.  The  writer  gathered  on  his 
visit  to  Buda-Pesth  that,  in  future  lines  on  this  system,  the  width 
of  the  slot  would  be  considerably  reduced. 

The  rigid  piece,  connected  to  the  car,  running  in  the  slot  is  only 
15  millimetres  wide  (slightly  over  half  an  inch). 

The  car  mile  cost  of  running  in  1893  amounted  to  5*14^., 
taking  the  florin  at  equal  to  twenty  pence.  As  already  pointed 
out,  large  profits  are  being  made  annually,  and  it  has  recently  been 
decided  to  extend  the  system  throughout  the  whole  city,  and  to 
entirely  abolish  horse  traction. 

The  Metropolitan  Traction  Company  have  just  contracted 
with  Messrs.  Siemens  and  Halske  to  construct  a  similar  line  in 
New  York. 

The  only  example  of  the  conduit  system  in  this  country  is  that  at 
Blackpool,  which  was  laid  down  in  1883  by  Mr.  Holroyd  Smith. 

The  conduit  here  is  only  12  inches  deep,  as  against  27 \  inches 
at  Buda-Pesth,  and  the  slot  \  inch  wide  at  the  top,  as  against 
1^-  inch. 

As  the  line  runs  the  whole  length  of  the  Esplanade,  the  conduit 
is  frequently  flooded  by  the  tide  twice  a  day,  the  water  depositing 
therein  shingles,  stones  and  sand. 

This  line  has  been  described  as  a  "  toy,"  but  the  Corporation  of 
Blackpool  deemed  it  advisable  rto  purchase  it  in  1892.  Their 
tenure  began  on  September  9th  in  that  year,  and  since  then  there 
has  been  contributed  out  of  the  profits,  to  the  relief  of  the  rates, 
over  2000/.,  after  an  expenditure  of  860/.  in  repairs. 

It  is  true  that  the  line  has  during  the  past  nine  months  suffered 
many  vicissitudes,  generally  attributed  to  the  plant  efficiency  being 
allowed  to  run  down  through  the  old  company  coming  to  the  end 
of  its  lease.  The  line  has,  however,  during  the  past  few  months 
been  thoroughly  overhauled,  and  the  electric  cars  have  been  re- 
started most  successfully. 

So  satisfied  is  the  Blackpool  Corporation  with  the  conduit 
system  that  large  extensions  are  projected.  In  defence  of  that 
system  they  have  successfully  sustained  their  case  before  the  Board 
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of  Trade  against  the  opposition  of  a  tramway  company  fringing 
their  borders. 

Considering  the  experimental  character  of  the  original  line  it  is 
a  matter  of  surprise  that  it  has  continued  to  work  so  well  for  the 
ten  years  of  its  existence. 

During  the  recent  interregnum  the  line  was  run  by  horses,  and 
it  was  then  clearly  demonstrated  that  the  cost  of  horse  traction,  was 
considerably  above  that  of  the  former  cost  of  running  the  line,  with 
all  its  imperfections,  by  electricity.  This  cost  is  returned  for  1893 
at  5d.  per  car  mile,  though  older  statistics  placed  it  much  higher. 
Indeed  it  is  claimed  that  if  the  bad  condition  of  the  road  had  not 
prevented  continuous  running,  the  1893  cost  would  probably  have 
been  as  low  as  3  •  5d.  per  car  mile. 

In  addition  to  the  lines  in  work  at  Buda-Pesth  and  Blackpool, 
there  are  other  conduit  "  systems  "  which  have  been  designed,  but 
as  they  are  not  yet  in  actual  work  and  only  differ  in  technical 
details,  they  need  not  be  here  described. 

The  author  wishes  to  state  his  conviction  that  there  are  many 
towns  in  this  country  where  a  properly  designed  and  solidly  con- 
structed conduit  system  would  prove  a  great  success. 

Best  Methods  of  "  Generating  "  the  Electrical 
Energy. 

Having  now  described  the  various  systems  of  electric  traction, 
consideration  may  profitably  be  given  to  the  most  economical 
method  of  "  generating  "  the  electrical  energy  for  running  them. 

The  author  is  convinced  that  low  costs  can  best  be  attained  by  a 
combination  of  electric  traction  with  electric  lighting. 

In  connection  with  the  running  of  electricity  supply  works  for 
electric  lighting,  he  has  had,  during  the  past  ten  years,  to  carefully 
consider  the  costs  of  production  of  electrical  energy. 

The  popular  idea  is,  that  by  far  the  greatest  cost  is  that  of  coal, 
and  that  preference  should  be  given  to  plant  providing  for  low  coal 
consumption,  without  regard  first  to  steadiness  of  running,  easy 
manipulation,  cheap  maintenance,  &c. 

The  actual  position  held  by  coal  may  be  seen  by  the  fo'lowing 
statement  (Table  IV.) 

An  examination  of  the  percentages  shows  that  the  value  of 
the  raw  materials  used  in  an  electricity  supply  works,  practically 
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Table  IV. — Average  Cost  of  Producing  Electrical  Energy  in  Twenty- 
four  Electricity  Works  in  the  United  Kingdom  in  1893 
(excluding  Depreciation.) 


Pence  per 
thousand 
(watt  hours). 

Percentage. 

Coal   

Salaries  of  engineers  and  works  wages 

11,411,176  units  .. 

£48,503 
11,388 
41,450 
23,441 
8,762 
33,915 

1-02 
•24 
•87 
•49 
•18 
•71 

28'97\ 
6-80/ 

24-77 

14-00 
5-21 

20-25 

£167,459 

351 

100 

devoted  exclusively  to  lighting,  only  amounts  to  35*77  percent,  of 
the  total  annual  costs,  and  it  is  confidently  believed  that  this 
percentage  will  be  considerably  decreased. 

It  is  manifest,  therefore,  that  an  increase  of  the  duration  of  the 
daily  load,  not  necessitating  additional  plant  or  additional  labour, 
would  only  affect  the  coal,  &c.  bill. 

On  these  lines  it  will  be  seen  that,  supposing  the  load  were 
doubled,  the  resulting  cost  would  be  : — 


Table  V. 


Cost  of  production  of 
electrical  energy. 

1  unit. 

2  units. 

d. 
1-26 

d. 
252 

2-25 

2-25 

3-51 

4-77 

2-38 

If  the  load  were  similarly  multiplied,  say  four  times,  with  per- 
haps an  increase  of  20  per  cent,  on  the  other  charges,  the  result 
would  be : — 
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Table  VI. 


Cost  of  production  of 
electrical  energy. 

1  unit. 

4  units. 

d. 

1-  26 

2-  25 

d. 

5-04 
2-70 

3-51 

7-74 

1--94 

As  a  matter  of  fact  the  coal  bill  would  not  be  augmented  in 
exact  proportion  to  the  load,  because  in  electric  lighting  works  the 
time  of  "  small  load "  presses  very  unremuneratively  on  the  coal 
consumption ;  indeed  it  might  be  fairer  to  assume  that  the  quad* 
rupling  of  the  load  would  be  effected  at  the  expense  of  only 
trelling  the  coal  bill,  &c. 

On  the  other  hand  it  may  be  urged  that  four  times  the  load, 
though  spread  over  the  usual  working  hours  of  the  "  Central 
Station,"  could  not  be  coped  with  at  an  increase  of  only  20  per 
cent,  upon  the  "  other  charges." 

The  author  is,  however,  content  to  leave  the  estimate  as  it 
stands,  in  order  to  illustrate  the  fact  that  a  lengthening  of  the 
hours  of  active  use  of  the  electricity  works  plant  would  lead  to 
considerably  lower  costs  all  round. 

Does  the  actual  method  of  running  the  electricity  supply  works 
already  in  operation  afford  an  opportunity  for  a  large  increase  in 
output,  without  a  corresponding  increase  in  capital  outlay  on 
plant  or  in  personnel  ? 

If  the  number  of  lights  attached  to  a  supply  station  were 
doubled,  it  is  manifest  that  at  the  time  of  the  top  load  the  plant 
capacity  and  the  attendance  in  the  works  would  have  to  be  in- 
creased in  almost  like  proportion. 

No  such  increase,  however,  would  take  place  if,  instead  of 
doubling  the  number  of  lights  on  the  circuit,  the  number  of  hours 
of  use  of  the  lights  at  present  fixed  were  doubled. 

Under  the  stringent  conditions  attached  to  the  parliamentary 
powers,  the  supply  has  to  be  available  day  and  night  throughout 
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the  whole  of  the  twenty-four  hours.  An  elongation  of  the  hours 
of  use  would  therefore,  as  already  suggested,  only  affect  the  coal, 
&c,  bill. 

Consider  the  conditions  under  which  works  are  operating  which 
are  solely  devoted  to  electric  lighting.  Shopkeepers  usually  form 
the  backbone  of  the  business,  and  in  shops  there  is  no  need  for 
artificial  illumination  during  many  months  of  the  year,  except  in 
some  localities  on  Saturday  evenings ;  and  even  during  the  winter 
months  the  early  closing  movement  intervenes  to  the  prejudice  of 
the  electricity  supply  works. 

It  has  indeed,  been  calculated  that  in  the  case  of  electricity 
works,  devoted  to  ordinary  " private''  lighting,  plant  with  a  total 
capacity  of  x  x  365  (days)  x  24  hours  =  8760  x,  only  has  an 
actual  output  of  a?  X  365  (days)  x  2  J  (that  being  the  average 
total  daily  hours  of  use  of  the  total  plant)  =  912*5  x. 

If  this  2J  hours'  lighting  load  were  confined  to  an  actual  con- 
secutive 2J  hours,  the  costs  would  be  much  reduced,  for  it  would 
be  possible  to  make  very  favourable  terms  for  the  2  J  hours'  labour, 
&c,  required. 

The  2J  hours'  lighting,  though  done  for  the  most  part  during 
the  hours  after  sunset,  unfortunately  however,  spreads  itself  over 
the  whole  twenty-four  hours. 

Practically,  therefore,  works  running  for  twenty-four  hours, 
supplying  an  average  daily  load  of  2^  hours,  have  a  spare  capacity 
of  21J  hours,  which,  if  utilised  in  whole  or  in  part,  would  tend  to 
greatly  reduce  the  costs  of  production  of  electrical  energy  to  the 
great  benefit  of  the  community,  and  to  the  profit  of  the  rate- 
payers, in  the  case  of  the  electricity  supply  being  in  the  hands  of 
the  Corporation. 

In  every  case  which  has  come  under  the  author's  notice,  except 
that  in  Toronto,  the  electricity  used  for  electric  traction  has  been 
generated  quite  separately  from  that  for  electric  lighting. 

In  Toronto,  indeed,  there  are  separate  works,  but  latterly  the 
electric  light  company  has  been  supplying  electrical  energy  to  the. 
railway  to  supplement  the  power  of  the  latter  company's  station. 
From  Douglas,  Isle  of  Man,  it  is  announced  that  it  is  the  intention 
of  the  tramway  company  to  supply  electricity  for  lighting. 

The  combination,  indeed,  of  electric  traction  and  electric  light- 
ing would  appear  to  be  a  most  beneficial  one.  At  the  opening 
of  the  day,  when  the  trams  start  operation,  there  is  no  load 
upon  the  electricity  works,  and  this  absence  of  load  practically 
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continues  till  sunset.  Here,  then,  is  a  most  convenient  use  for 
plant  otherwise  lying  idle.  In  the  case  of  electricity  works  specially 
confined  to  traction  the  whole  of  the  standing  charges  are,  of 
course,  debited  to  the  cost  of  the  car  miles  run,  whereas  if  worked 
in  connection  with  electric  lighting  only  a  portion  of  those  charges 
would  be  debited. 

It  must,  however,  be  borne  in  mind  that,  at  one  period  of  each 
evening,  the  electric  lighting  load  and  the  tram  load  would  clash, 
and  this  has  hitherto  been  considered  a  bar  to  the  combination  of 
the  two  works.  It  is  fully  admitted  by  the  author  that  the  over- 
lapping of  the  loads  is  a  matter  of  great  moment,  and  the  means 
by  which  it  can  be  coped  with  will  have  to  be  carefully  thought  out. 
He  is,  however,  convinced  that  an  economical  arrangement  can  be 
arrived  at. 

It  will  be  seen  at  once  that  the  accumulator  system  is  that 
which  lends  itself  most  readily  to  the  combined  plan.  The  duration 
of  the  top  load  in  electric  lighting  works  varies  according  to 
different  localities,  but  it  frequently  lasts  for  less  than  one  hour. 
Up  till  the  moment  of  reaching  it  there  is  a  margin  of  capacity  in 
the  plant  for  doing  the  work  of  charging  the  batteries,  and  from 
the  moment  the  load  begins  to  fall  off  this  margin  of  capacity  is 
released,  so  that  in  the  case  of  the  accumulator  system  it  would  be 
only  necessary  to  cease  storing  for  about  one  hour ;  and,  on  the 
other  hand,  extra  storing  could  be  effected  during  the  hours  of  the 
night  when  the  electric  lighting  load  was  practically  nil  and  the 
trams  were  not  in  operation. 

In  the  case  of  systems  of  direct  supply,  it  might  still  be  possible 
to  tide  over  the  period  of  maximum  electric  lighting  load  by 
secondary  batteries  fixed  in  the  station,  which,  charged  during  the 
day,  could  be  used  at  the  critical  period  to  give  out  the  electrical 
energy  necessary  to  feed  the  motors  on  the  cars.  As  soon  as  the 
electric  lighting  load  began  to  fall  off,  the  dynamos  thereby  released 
could  be  put  on  to  the  traction  work.  It  would,  of  course,  never 
be  desirable  for  the  lighting  and  the  traction  work  to  be  coupled 
together  from  the  same  dynamo,  as  the  heavy  variations  of  the 
traction  load  would  cause  unpleasant  fluctuations  in  the  light. 

There  is  a  third  plan  which  the  author  has  lately  been  consider- 
ing, and  which  might,  indeed,  prove  the  most  economical  method 
of  dealing  with  the  overlapping  difficulty,  viz.  the  horsing  of  the 
tram  cars  during  the  time  of  the  top  lighting  load. 

In  conversation  with  a  leading  provincial  jobmaster,  the  author 
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found  that  in  many  cities  horses  are  jobbed  out  to  do  purely  light 
day  work,  and  that  it  would  be  a  boon  to  the  jobmaster  to  be 
offered  employment  to  which  they  could  be  put  during  the  evening. 
As  doubtless  the  Members  of  the  Association  have  the  control  of  the 
horses  belonging  to  their  respective  local  authorities,  it  will  be 
useful  to  gather  their  opinion  upon  this  point. 

By  whatever  means,  however,  the  overlapping  load  may  be 
coped  with,  the  author  urges  that  it  by  no  means  presents  an  in- 
superable difficulty,  and  even  though,  comparatively  speaking,  it 
may  not  be  dealt  with  economically,  the  advantages  of  the  com- 
bination of  traction  and  lighting  in  one  works  completely  outweigh 
the  disadvantages  connected  with  the  less  economical  running  of 
the  trams  for  a  short  time  daily. 

In  conclusion,  it  must  be  pointed  out  that  the  introduction  of 
electric  traction  into  this  country  on  a  large  scale  has  been  con- 
siderably facilitated  during  the  past  twelve  months  by  the  report 
of  the  Electric  Powers  (Protective  Clauses)  Committee,  appointed 
last  year  "  to  consider  whether  Statutory  Powers  to  use  electricity 
ought  to  be  qualified  by  any  prohibition  or  restriction  as  to  earth 
return  circuits,  or  by  any  provisions  as  to  leakage,  earth  induction, 
or  similar  matters." 

Evidence  was  given  before  that  Committee  that  the  use  of  rails 
for  the  return  current  caused  a  disturbance  to  telephones,  &c. 
The  evidence  laid  before  the  Committee  was,  however,  overwhelm- 
ingly in  favour  of  electric  traction,  and  the  members  were  appa- 
rently convinced  that  if  the  two  interests  clashed,  the  telephone 
should  go  to  the  wall.  The  result  of  the  deliberations  of  the 
committee  was  a  decision  that  "it  is  not,  in  the  present  state  of 
electrical  science,  to  the  interest  of  the  public  to  insist  upon 
electric  traction  using  an  insulated  return  conductor,  and  that  such 
insistance  would  retard  the  development  of  electric  traction." 

This  decision  much  facilitates,  as  far  as  capital  outlay  is  con- 
cerned, the  introduction  of  electric  traction,  and  the  author  trusts 
that  the  day  is  not  far  distant  when  electric  street  tramways  will 
be  established  in  this  country  in  every  town  where  electrical  supply 
works  for  electric  lighting  are  in  operation. 
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Mr.  Crompton,  Loudon :  One  body  holds  that  one  system  of 
electric  lighting  is  correct,  and  the  other  holds  very  different  views. 
The  result  has  been  very  puzzling  to  the  various  committees  who 
have  investigated  the  electric  lighting  of  towns.  On  this  very 
important  point  to  you  Mr.  Shoolbred's  paper  is  highly  instructive. 
He  shows  results  which  redound  very  greatly  to  the  credit  of  those 
in  charge  of  the  Bradford  installation,  and  I  must  say  Mr.  Shool- 
bred  and  his  engineer,  Mr.  Bayns,  are  to  be  congratulated  on  the 
results  of  their  four  years'  extremely  hard  work.  There  is  no  doubt 
Mr.  Shoolbred  is  to  be  congratulated  upon  having  been  firm  enough 
to  get  his  committee  to  adopt  the  system  which  has  been  adopted. 
The  Bradford  committee  have  been  strongly  attacked  for  not 
having  adopted  the  high-pressure  alternating  system.  That  table 
shows  conclusively  if  they  had  done  so  their  costs  would  have  been 
considerably  higher,  and  instead  of  being  a  financial  success  they 
would  have  been  a  failure.  I  know  what  I  am  saying  is  of  a 
highly  controversial  nature,  and  may  be  contradicted  by  those  who 
follow  me ;  but  when  I  tell  you  that  Lord  Kelvin,  the  late  Dr. 
Werner  Von  Siemens,  Professor  Von  Hefner- A  lteneck,  of  Berlin, 
and  Professor  ..Kennedy,  who  probably  advises  more  towns  than 
any  other  man  in  England,  are  of  the  same  opinion,  you  will 
see  I  am  one  of  a  very  strong  army.  The  whole  point  is  this 
— towns  that  you  are  proposing  to  supply  energy  to,  vary  very 
much  in  their  requirements.  Most  provincial  towns  consist  of  a 
condensed  business  quarter,  and  a  suburb  of  villa  residences  in 
which  the  business  men  engaged  in  the  town  during  the  day  live  in 
the  evening.  And  the  difficult  problem  is  how  to  put  down  works 
to  supply  these  two  classes  of  buildings  in  the  most  satisfactory 
manner  and  at  the  cheapest  possible  cost,  so  that  you  may  supply 
your  ratepayers  with  electricity  at  the  least  cost.  It  is  an  extreme 
difficulty  which  leads  to  these  divergent  views.  Those  who  adopt 
the  high-pressure  system  are  able  to  show  that  their  plant  will  cost 
less  money  ;  those  who  think  with  myself  that  the  comparatively 
safe  and  moderate  pressure  adopted  at  Bradford  is  the  best,  are 
able  to  show  that  though  the  capital  to  be  raised  is  higher  in  the 
first  instance,  the  working  costs  are  so  much  less,  even  with  the 
added  cost  of  interest  on  capital,  that  they  do  not  reach  the  high 
figure  reached  where  the  high-pressure  system  has  been  adopted. 


342 


ELECTRIC  STREET  TRAMWAYS. 


Personally  I  am  in  a  peculiar  position.  I  advise  three  of  the 
largest  companies  in  London,  and  those  works  are  on  the  low- 
pressure  system  ;  and  I  hold  three-fourths  of  the  capital  of  a  high- 
pressure  alternating  system  providing  a  provincial  town,  and  my 
pocket  has  suffered  thereby.  I  have  had  every  opportunity  of 
making  the  supply  as  economical  as  possible — I  am  alluding  to 
Chelmsford — and  I  am  just  making  it  turn  the  corner,  whereas 
with  other  towns  this  turning  of  the  corner  has  taken  place  some 
years  ago.  Of  six  municipal  corporations  who  have  taken  up 
electricity  supply,  Bradford  is  the  oldest,  and  Bradford  is  a  success- 
Hull  is  also  very  well  satisfied  with  the  results  of  its  undertaking. 
Four  low-pressure  companies  in  London  are  paying  an  average  of 
5  per  cent,  on  their  capital.  If  you  turn  to  the  other  side  there 
are  only  two  companies — those  at  Newcastle — which  are  paying  any 
interest  on  their  capital  when  invested  in  high-pressure  plant,  and 
the  reason  is  not  far  to  seek.  At  Newcastle  coal  is  purchased  at 
3s.  2d.  to  5s.  6d.}  and  they  have  been  able  to  show  exceptionally 
low  working  costs  in  their  exceptional  position.  The  advocates  of 
the  high-pressure  system  invariably  point  to  those  two  companies 
as  a  success ;  and  it  is  high  time  the  matter  should  be  shown  up. 
In  this  room,  in  a  paper  which  was  subjected  for  two  nights  to  the 
discussion  of  electrical  experts,  it  was  shown  that  the  absolute 
working  costs,  as  regards  fuel  and  labour  and  all  the  items  which 
go  to  make  up  the  real  costs  of  electricity,  as  apart  from  manage- 
ment and  sinking  fund,  were  2\  or  3  times  as  great  at  Newcastle 
as  at  London  when  compared  with  equal  prices  for  coal.  As 
regards  the  other  paper — the  remarks  I  have  already  made  will 
not  altogether  suit  Mr.  Hammond — I  consider  that  Mr.  Hammond's 
paper  is  of  very  great  interest  to  you,  and  it  has  only  one  fault, 
that  he  has  not  made  his  case  strong  enough.  He  has  put  before 
you  a  very  moderate  case  as  to  municipalities  taking  up  the  driving 
of  trams  by  electricity.  I  think  if  I  had  taken  up  the  case  I  should 
have  put  it  more  strongly ;  and  for  the  reason  I  have  named,  that 
Mr.  Hammond  is  only  able  to  show  you  the  average  of  working 
costs  on  the  alternating  system,  and  with  the  lower  costs  of  the 
low-pressure  system  I  am  able  to  take  a  more  much  sanguine 
view. 

Mr.  E.  Hammond  (London) :  I  am  very  much  obliged  to  you 
for  the  opportunity  of  making  a  few  minutes'  speech  as  a  set-off 
against  my  paper  being  crowded  out.  I  am  hardly  able,  in  the  six 
minutes  allotted  to  me,  to  follow  Mr.  Crompton  in  his  discussion  of 
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Mr.  Shoolbred's  paper.  I  will  only  say  that  it  is  perhaps  to 
be  regretted  from  the  point  of  view  of  the  Association,  that 
Mr.  Crompton  did  not  deal  with  the  subject  of  municipal  elec- 
tricity works  generally,  rather  than  lay  before  you  a  plea  for  one 
particular  system.  With  regard  to  electric  tramways,  I  am  very 
pleased  to  hear  from  so  close  an  observer  as  Mr.  Crompton  that  he 
thinks  I  have  put  my  case  too  weakly,  or  at  all  events  that  I  have 
not  put  it  as  strongly  as  I  might  have  put  it.  The  great  argument 
I  want  to  drive  home  in  my  paper  is  this,  that  in  electricity 
supply  works  there  are  perforce  a  great  many  idle  hours.  From 
six  o'clock  in  the  morning  to  sunset  there  is,  roughly  speaking,  no 
serious  load  upon  the  electricity  works.  Of  course  I  know  that  in 
some  works  a  certain  amount  of  accumulating  is  done  during  the 
day,  but  for  details  and  amplification  of  my  short  remarks  I  must 
refer  you  to  my  paper.  Let  us,  taking  it  on  the  broad  principle, 
say  that  lighting  is  not  required  during  the  day,  and  that  from 
half-past  five  to  six  o'clock  in  the  morning  there  is  a  capacity  in 
the  electricity  plant  which  might  very  well  be  utilised  for  tram- 
ways. Now  I  need  hardly,  before  gentlemen  so  well  acquainted 
with  the  principles  of  cost  and  standing  charges,  draw  your 
attention  to  the  fact  of  how  markedly  costs  are  decreased  by  an 
increase  of  output.  But  I  would  like  to  say  this,  that  this  is 
especially  so  in  the  case  of  those  works  that  obtain  an  increase  of 
output,  not  by  doubling  the  work  at  one  particular  period  of  the 
day,  but  by  doubling  the  hours  of  duration  of  work.  If,  as  I  say 
in  my  paper,  any  electricity  works — Bradford,  for  instance — were 
in  the  course  of  the  next  twelve  months  to  double  the  number  of 
lights  that  are  now  attached  to  the  station  and  fed  from  it,  then 
necessarily  there  would  have  to  be  a  double  plant  and  a  double 
cost ;  but  if  you  glance  at  the  diagrams  which  Mr.  Shoolbred  has 
so  ably  prepared,  and  which  set  forth  the  position  so  exactly,  you 
will  see  it  is  only  in  a  certain  portion  of  the  evening  that  the  top 
load  is  reached,  and  that  it  rapidly  falls  away  again.  Therefore 
any  broadening  out  of  the  curve  would  simply  lead  to  an  increase 
in  the  use  of  raw  material ;  all  the  standing  charges  would  be  the 
same  roughly.  As  I  have  said  in  my  paper,  considering  that  your 
works  are  in  operation,  in  one  form  or  another,  the  whole  twenty- 
four  hours,  you  can  begin  your  work  at  six  o'clock  in  the  morning 
and  go  on  during  the  day,  and  turn  out  the  same  number  of  units 
as  you  do  at  night,  with  almost  the  same  staff  (although  I  have  pro- 
vided for  an  addition  of  20  per  cent.)  and  the  same  expenses,  with 
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only  the  exception  of  the  coal  bill.  I  have  added  to  my  coal  bill  by 
one-half,  but  even  if  it  were  doubled  there  would  be  a  considerable 
saving  ;  for  you  must  remember  that  even  during  the  idle  hours 
there  is  a  considerable  amount  of  coal  being  used  in  keeping  the 
steam  pipes  heated.  This  appears  to  me  to  offer  a  solution  of  the 
difficulty  which  electrical  engineers  are  suffering  under,  of  reducing 
the  cost  of  electrical  energy.  Mr.  Crompton  says  I  have  only  taken 
certain  works,  and  those  which  did  not  produce  electrical  energy  the 
most  cheaply.  I  have  taken  the  twenty-four  works  in  England 
which  have  already  sent  in  their  returns  to  the  Board  of  Trade.  I 
have  not  selected  any  particular  works,  but  those  whose  Board  of 
Trade  returns  were  available.  There  is  a  difficulty  which  is  mani- 
fest to  all,  and  which  has  kept  back  electrical  traction — the  over- 
lapping of  the  load.  The  constant  argument  is,  "  It  is  all  very  well 
to  begin  at  six  o'clock  in  the  morning,  but  what  are  you  going  to 
do  at  six  o'clock  in  the  evening,  when  the  double  load  comes  on." 
I  quite  believe  the  difficulty  of  overlapping  can  be  coped  with 
electrically,  but  rather  than  miss  the  advantages  of  combination  I 
would  bring  out  horses  for  two  hours  and  drive  the  cars  with 
horses.  I  am  told  there  are  horses  jobbed  out  during  the  day 
which  come  back  at  three  or  four  o'clock  in  the  afternoon,  and 
which  can  be  used  for  the  critical  period.  The  question  is  how  the 
overlapping  of  the  load  can  be  best  dealt  with.  The  main  point 
upon  which  I  wish  to  insist  is  that  in  every  electric  light  works 
there  is  idle  plant  which  can  be  very  well  used  in  the  direction  of 
traction,  with  the  result  of  greatly  reducing  the  costs  all  round. 

On  the  evening  of  the  first  day,  Thursday,  June  21,  the 
Members  dined  together  at  the  Holborn  Bestaurant,  when  Lord 
Chelmsford,  Sir  "Robert  Bawlinson,  Sir  Benjamin  Ward  Bichard- 
son,  Sir  W.  de  Souza,  Dr.  Bentoul,  M.P.,  and  Colonel  Edis  were 
the  guests  of  the  Association. 

On  Friday,  June  22,  the  Members  were  received  at  the  Mansion 
House  by  the  Bight  Eon.  George  B.  Tyler,  the  Lord  Mayor  of 
London.  Leaving  the  Mansion  House  in  breaks,  a  visit  was 
paid  to  the  Limmer  Asphalt  Works,  where  the  Members  were 
entertained  to  luncheon,  and  a  short  paper  was  read  by  Mr.  Blake 
(see  Appendix),  descriptive  of  the  process  of  manufacture,  which 
was  demonstrated  and  explained.  The  Members  then  proceeded 
to  Nelson's  Meat  Stores,  a  description  of  the  works  and  process 
of  which  appears  in  the  Appendix. 


VISITS  TO  WOKKS. 


345 


On  Saturday,  June  23,  by  the  invitation  of  the  President, 
A.  M.  Fowler,  Esq.,  the  Members  embarked  on  board  the  "  River 
Queen,"  when  an  opportunity  was  afforded  of  inspecting  the  New 
Lock  and  Footbridge  at  Richmond  (see  Appendix).  Arriving 
at  Teddington,  a  visit  was  paid  to  the  Sewage  Works,  where 
Mr.  York,  the  Surveyor  to  the  Local  Board,  read  a  descriptive 
paper,  ivhich  is  given  in  the  Appendix. 
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MINEKAL  KOCK  ASPHALT. 

By  Mr.  H.  D.  BLAKE,  Manager  of  the  Limmer  Asphalt  Paving 
Company,  Limited,  Leamouth  Wharf,  Blackwall. 

The  uninformed  mind  regards  all  tar  paving,  British  asphalt  and 
similar  compositions  as  asphalt,  and  believes  them  to  be  practically 
the  same  thing  as  rock  asphalt.  This  is  a  great  mistake,  and  the 
result  is  frequently  that  because  these  materials  are  laid  for  asphalt, 
and  fail  in  the  winter  to  stand  the  cold  and  in  the  summer  to  stand 
the  heat,  "  rock  asphalt  "  is  condemned. 

Kock  asphalt,  however,  is  a  totally  different  material ;  it  has  nothing 
whatever  to  do  with  gas  tar  and  similar  materials,  and  will  not 
amalgamate  with  them. 

Kock  asphalt  is  a  natural  product — a  limestone  rock  impregnated 
with  bitumen — and  is  found  in  Limmer  and  Vorwohle  in  Germany, 
in  Switzerland,  France  and  Sicily.  For  compressed  work  this  com- 
pany's supplies  are  taken  from  Eagusa  in  Sicily,  and  for  mastic  work 
from  Germany.  It  is  quarried  in  the  same  manner  as  other  minerals, 
and  brought  to  England  in  its  natural  state. 

The  process  of  manufacture  of  compressed  asphalt  for  carriageways, 
&c,  is  as  follows  : — 

The  pieces  of  raw  rock,  weighing  from  \  to  J  cwt.,  are  placed  in 
the  "  crusher,"  where  they  get  broken  to  the  size  of  walnuts.  After 
passing  through  the  crusher  the  asphalt  is  carried  up  by  elevators  to 
the  disintegrator,  which  runs  at  a  speed  of  1800  revolutions  to  the 
minute,  where  it  is  ground  to  a  fine  powder.  For  compressed  work, 
this  powder  is  heated  in  roasters  with  revolving  cylinders  to  a  tem- 
perature of  about  280°  F.,  and  as  soon  as  the  superfluous  moisture 
has  evaporated  the  heated  powder  is  placed  in  iron  sheathed  vans, 
covered  with  cloths  and  taken  to  the  street  where  it  is  to  be  laid. 
The  powder  is  then  raked  over  the  surface  of  the  street  to  the  thick- 
ness required,  and  rammed  with  hot  pelons,  smoothed  to  a  polished 
surface  and  then  rolled  with  a  heavy  hand  roller.  It  gradually 
becomes  cold,  and  in  time  is  compressed  into  solid  rock  again  by  the 
traffic.  The  usual  thicknesses  of  compressed  asphalt  are  as  follows : — 
Carriageways,  heavy  traffic,  2  inches ;  light  traffic,  1  \  inches ;  laid 
on  a  bed  of  6  inches  of  Portland  cement  concrete.  Footways,  1  inch  ; 
on  a  bed  of  3  inches  to  4  inches  of  Portland  cement  concrete. 
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Compressed  asphalt  is  the  most  suitable  material  for  carriageway 
pavements  for  the  following  reasons  : — 

Its  durability,  the  rapidity  with  which  it  can  be  repaired,  causing 
no  delay  to  traffic  or  inconvenience  to  the  public,  its  great  sanitary 
properties,  because,  being  jointless,  it  is  readily  and  easily  cleansed, 
and  no  vegetable  or  animal  refuse  can  lodge  in  crevices  and  decay. 
Asphalt,  when  clean,  is  not  slippery.  The  only  time  that  horses 
slip  is  when  a  shower  of  rain  is  just  commencing,  then  the  dirt  which 
has  been  allowed  to  remain  on  the  asphalt  becomes  a  little  damp  and 
makes  a  greasy  surface  for  a  few  minutes  until  the  pavement  is 
thoroughly  wet.  In  Paris  the  streets  are  regularly  flushed,  but  there 
the  engineers  can  get  free  water  direct  from  the  Seine.  In  London 
filtered  water  has  to  be  purchased  at  present  from  the  water  com- 
panies. 

The  uses  of  mastic  asphalt  are  limitless  ;  among  others  the  follow- 
ing may  be  enumerated :  footpaths,  courtyards,  stables,  coachhouses, 
roofs,  floors,  vertical  work  to  walls,  corridors,  basements,  wine  cellars, 
tennis  courts,  reservoirs,  slaughterhouses,  &c.  &c. 

It  is  manufactured  in  the  same  way  as  the  compressed  as  far  as  the 
powder  stage,  then  it  is  boiled  in  cauldrons  worked  by  agitators,  with 
a  certain  quantity  of  bitumen  as  flux,  and  when  heated  to  about 
400°  F.  a  proportion  of  from  10  to  20  per  cent,  of  fine  Bridport  grit  is 
added,  and  thoroughly  incorporated  with  the  asphalt  by  the  agitators  ; 
it  is  then  turned  into  iron  moulds  and  made  into  cakes  of  J  cwt.  each, 
ready  to  be  sent  to  any  part  of  the  world.  These  cakes  are  broken 
up,  put  into  cauldrons  with  just  sufficient  bitumen  as  a  flux,  and  when 
properly  cooked  the  asphalt  is  spread  over  the  surface  to  be  covered 
by  means  of  hand  floats  and  then  rubbed  with  fine  sand. 

The  bitumen  used  in  the  manufacture  of  mastic  asphalt  is  a  most 
important  feature,  and  its  manufacture  requires  the  greatest  possible 
care.  The  cheaper  kinds  are  made  from  petroleum  refuse,  gas  tar, 
&c,  but  these  materials  have  a  deleterious  effect  on  asphalt. 

The  very  best  bitumen  is  made  from  best  Scotch  shale  and  refined 
Trinidad  pitch  (epuree).  It  is  very  expensive,  but  it  is  of  the 
greatest  importance  to  have  it  of  the  best  and  purest  possible  quality, 
in  order  to  render  the  asphalt  capable  of  standing  extremes  of  heat 
and  cold. 

The  sanitary  advantages  of  asphalt  over  every  other  pavement  can- 
not be  overrated.  In  crowded  neighbourhoods,  back  courts  and  alleys 
where  the  poorer  classes  dwell,  it  is  of  the  greatest  importance.  The 
asphalt  can  be  flushed  with  water  at  any  time,  and  all  impurities, 
refuse,  &c,  washed  away,  and  the  pavement  is  immediately  dry 
again. 

The  London  County  Council  have  ordered  all  slaughterhouses  to 
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be  paved  in  this  way,  as  they  can  then  be  flushed  and  made  perfectly 
clean  and  sweet  at  once. 

For  footways  it  is  the  very  best  material.  While  tar  paving  and 
all  similar  compositions  require  to  be  constantly  renewed,  rock  asphalt 
laid  one  inoh  thick  will  last  from  20  to  25  years  and  longer,  according 
to  the  nature  of  the  traffic. 

After  the  reading  of  the  paper  several  questions  were  ashed  about 
Trinidad  pitch  pavement  and,  other  imitations  of  rock  asphalt,  to  which 
the  author  replied. 

A  vote  of  thanks  was  unanimously  accorded  to  Mr.  Blake  for  his 
interesting  paper* 


(   851  ) 


THE  REFRIGERATING,  LIFTING  AND  HAULAGE 
MACHINERY,  ELECTRIC  LIGHT  INSTALLATION 
AND  COLD  STORES  of  Messrs.  Nelson  Brothers, 
Commercial  Road,  Lambeth. 

The  cold  stores  at  Nelson's  Wharf,  Lambeth,  have  been  designed  not 
only  with  a  view  to  the  receipt  from  barges  on  the  river  and  the 
delivery  into  wagons  in  the  yard  off  Commercial  Road,  of  an  enor- 
mous quantity  of  frozen  meat,  but  specially  with  a  view  to  their 
being  a  perfectly  insulating  refrigerating  box  of  enormous  propor- 
tions, kept  constantly  and  economically  at  a  temperature  of  about 
18°  F. 

The  machinery  for  elevating  the  frozen  carcasses  and  carrying 
them  into  the  building  has  been  specially  designed,  and  will  deal 
with  6000  sheep  in  an  hour.  At  the  present  time  from  6000  to 
8000  sheep  per  day  are  delivered  by  vans  and  carts  from  Messrs. 
Nelson  Brothers'  premises,  while  frequently  a  much  larger  number 
is  being  received. 

The  buildings  are  carried  down  to  and  founded  upon  a  massive 
concrete  bed  upon  the  gravel,  which  is  reached  some  23  feet  below 
the  river  bank  at  this  part  of  the  Thames,  There  are  six  stories, 
the  whole  of  the  internal  work,  including  floors  and  floor  supports, 
being  of  wood  (which  is  a  good  non-conductor  of  heat),  and  com- 
pletely separate  from  the  brickwork  shell  of  the  cold  storage  part  of 
the  buildings.  All  the  walls  are  lined  with  asphalt  and  a  thickness 
of  non-conducting  material. 

A  feature  of  the  building  is  the  arrangement  by  which  entrance 
can  only  be  made  at  the  top  story,  there  being  no  openings  at  all  in 
the  sides  of  the  building  below  the  top  floor.  All  the  carcasses  are 
raised  by  machinery  to  this  top  floor,  and  from  it  they  are  lowered 
by  high-speed  hydraulic  lifts  commanding  the  several  stories.  These 
lifts  are  of  the  wire  rope  and  horizontal  cylinder  and  plunger  type, 
and  are  carried  by  strong  iron  girder  framing  in  the  roof  of  the 
building.  The  ropes  used  are  the  Lang  type,  and  the  lifts  move  at 
the  rate  of  240  feet  per  minute.  The  elevators,  by  means  of  which 
the  sheep  are  lifted  from  the  barges,  consist  of  powerful  chains  run- 
ning over  toothed  wheels  and  rollers,  and  carrying  at  intervals  of 
about  5  feet  projecting  arms  and  cross-bars,  upon  which  the  carcasses 
are  laid  by  men  working  in  the  barges.  These  chains  move  at  about 
120  feet  per  minute.    All  the  elevators  are  provided  with  a  hydraulic 
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telescopic  section,  so  that  they  may  be  adjusted  to  suit  the  level  of 
the  barge  being  unloaded,  these  barges  rising  and  falling  with  the 
tide.  They  are  worked  by  hydraulic  power,  the  rotary  movement  in 
each  being  obtained  from  a  Brotherhood  engine  coupled  direct  to  the 
main  driving-shaft.  The  top  floor  is  entered  from  the  ground  by 
means  of  a  hydraulic  plunger  lift,  and  the  whole  of  the  hydraulic 
apparatus  in  the  building  is  supplied  with  water  at  a  pressure  of 
700  lb.  per  square  inch  by  a  duplex  pump  made  by  Messrs.  Smith 
and  Vale. 

The  electric  light  is  provided  by  two  of  Gwynne's  high-speed 
double-acting  engines,  connected  direct  to  two  low-speed  Paterson 
and  Cooper  dynamos.  These  supply  1600  incandescent  lamps  in 
different  parts  of  the  stores. 

There  are  three  Lancashire  boilers,  each  fitted  with  a  Vicars  me- 
chanical stoker,  by  means  of  which  slack  coal  can  be  employed  at  a 
considerable  saving  in  cost  over  that  of  the  better  fuel  required  with 
hand  stoking.  The  ammonia  refrigerating  plant  is  of  the  De  La 
Vergne  double-acting  compression  type  with  compound  engines.  The 
compressing  pumps  and  steam  cylinders  are  connected  to  the  same 
crank,  the  pumps  being  vertical  and  the  engines  horizontal.  The 
ammonia  is  expanded  direct  into  pipes  carried  under  the  ceiling  of 
each  floor.  The  ammonia  condensers  are  evaporative-surface  con- 
densers placed  in  the  open  air  at  the  top  of  one  part  of  the  building, 
the  condensing  water  being  obtained  from  the  Thames.  Of  refrigerat- 
ing pipes  within  the  cold  storage  compartments  there  are  nearly  ten 
miles,  with  about  4500  joints,  and  the  temperature  is  ordinarily 
maintained  at  about  19°  F.  One  ammonia  refrigerating  machine  is 
capable  of  keeping  the  required  temperature  running  about  ten  to 
twelve  hours  per  day  in  the  winter  and  about  sixteen  hours  in  the 
summer  when  the  store  is  full.  But  the  completeness  with  which 
provision  has  been  made  for  refrigerating  and  with  which  the  insula- 
tion of  walls  and  floors  has  been  effected,  may  be  gathered  from  the 
fact  that  the  machinery  has  been  stopped  for  a  period  of  thirty-eight 
hours,  with  a  rise  of  temperature  at  the  end  of  that  time  of  only  aboufr 
3^°.  This  is  no  doubt  partly  due  to  the  fact  that  no  warm  air  from 
without  can  enter  the  building  except  at  the  top.  Fans  are  provided 
for  circulating  the  cold  air  in  the  building,  and  there  is  in  addition  a 
large  Haslam  cold  dry  air  machine  in  the  engine  room,  through  which 
the  air  from  the  rooms  can  be  drawn  to  cool  and  dry  it.  This  machine 
is  alone  capable  of  maintaining  the  necessary  low  temperature  should 
it  be  required. 

The  whole  of  the  refrigerating  machine  connections,  ammonia 
pressure  tanks,  storage  tanks,  separating  tanks,  condensers,  &c,  are  in 
duplicate,  and  are  so  arranged  that  either  machine  can  work  inde- 


REFRIGERATING,  LIFTING  AND  HAULAGE  MACHINERY.  353 


pendently,  or  the  two  together,  or  each  machine  on  to  the  other  set  of 
connections,  thus  doing  away  with  any  possible  danger  from  accidental 
breakdown. 

The  design  and  erection  of  the  whole  of  the  buildings  and  plant 
was  carried  out  by  various  contractors,  under  the  direction  of  Sir 
Frederick  Bramwell,  Bart.,  and  Mr.  H.  Graham  Harris,  MM.  Inst. 
C.E. ;  Mr.  E.  Montague  Nelson,  the  Chairman  of  Nelson  Brothers, 
advising  them  as  to  the  practical  details  of  the  business  to  be 
carried  on. 

The  returns  of  frozen  meat  exported  from  New  Zealand  and 
Australia  together,  during  the  year  ending  December  31,  1893,  give 
a  total  of  140,000,000  lbs.  of  mutton  and  lamb  (2,534,839  carcasses), 
and  about  30,755,000  lbs.  of  beef. 
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RICHMOND  FOOTBRIDGE  AND  LOCK. 


Constructed  by  the  Thames  Conservancy. 


Brief  Description  of  Works,  prepared  by  E.  J.  LOVEGROVE, 
Borough  Surveyor,  Richmond. 

For  upwards  of  thirty  years  the  inhabitants  between  Teddington  Lock 
and  Isle  worth  have  been  seeking  for  the  improvement  of  the  river  which 
has  so  recently  been  accomplished  by  the  completion  of  what  is  known 
as  the  Richmond  Footbridge  and  Lock,  and  possibly  only  those  who 
were  acquainted  with  what  the  river  was  at  low  tide,  and  what  it  now 
is  with  its  perpetual  half-tide  level,  can  fully  appreciate  how  great 
is  the  improvement  effected  by  these  works.  The  united  effort  of 
Richmond  and  Twickenham  resulted  in  a  Bill,  which  received  the 
Royal  assent  on  August  14,  1890,  and  in  due  course  the  Thames 
Conservancy  agreed  to  erect  the  structure,  which  has  cost  about 
61,000Z.  The  first  pile  was  driven  on  July  6,  1891,  so  that  the 
work  may  be  said  to  have  taken  three  years  to  execute.  The  Thames 
Conservancy  contributes  the  sum  of  21,000Z.  towards  the  cost  of  the 
work,  the  remaining  40,000/.  being  chargeable  upon  the  districts 
affected,  according  to  their  respective  rateable  values,  the  sum  being 
divided  as  follows : 


The  loan  is  spread  over  a  period  of  forty  years,  and  in  levying  the 
rate  for  the  repayment  of  capital  and  interest,  a  modification  of  the 
betterment  principle  has  been  adopted,  all  premises,  any  part  of 
which  is  within  100  yards  of  high  water  mark  (ordinary  spring  tides) 
being  liable  to  pay  double  rate.  The  bridge  is  constructed  with  con- 
crete piers  faced  with  Cornish  granite  and  blue  brick ;  the  girders  are 
elliptical  in  shape,  built  of  steel  plate,  a  special  feature  being  that 
the  web  of  each  girder  is  cut  out  of  one  plate  for  half  span.  The 
structure  is  built  in  the  form  of  a  twin  footbridge ;  the  footways  are 
6  feet  wide  and  16  feet  apart,  the  central  space  between  the  footways 
being  occupied  by  the  sluices  when  up.  There  are  five  spans,  three 
central,  each  66  feet  wide  with  sluices,  and  two  50  feet  wide  at  either 
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side  of  the  river,  covering  on  the  Surrey  side  the  lock,  and  on  the 
Middlesex  side  the  slipway  for  small  boats.  The  lock  is  250  feet 
long  and  37  feet  wide  for  two-thirds  of  its  length,  narrowing  in  at 
the  gates  to  26  feet  in  width.  The  gates  are  opened  with  capstan 
gearing.  Offices  are  built  on  both  sides  of  the  river,  the  erections 
being  in  red  brick  with  Bath  stone  dressings. 

Before  describing  the  sluices,  it  may  be  well  to  mention  that 
highest  flood  tide  is  4  feet  6  inches  above  Trinity  high  water  mark, 
the  difference  between  the  average  height  of  spring  tides  and  low 
water  is  from  10  feet  to  11  feet,  the  greatest  known  difference  being 
16  feet.  The  object  of  the  sluices  is  to  keep  the  water  at  half  tide 
level,  and  that  without  interfering  with  the  beneficial  action  of  the 
tides ;  at  high  water  the  sluices  are  up,  lying  horizontally  between 
the  footbridges,  practically  out  of  sight,  and  at  half  ebb  tide  they  are 
lowered,  and  while  lowering  pass  from  their  horizontal  to  a  vertical 
position.  Each  sluice  is  66  feet  long  and  12  feet  deep,  weighing  32 
tons,  and  is  suspended  on  trunnions  fixed  at  a  neutral  axis  and  run- 
ning in  side  guides  between  free  rollers,  being  balanced  with  four 
counter  weights  of  8  tons  each.  The  difference  in  the  weight  of  the 
sluices  in  and  out  of  the  water  is  4  tons,  and  to  allow  for  this  2  tons 
of  the  balance  are  arranged  in  such  a  way  to  act  with  the  sluice  when 
immersed  and  contrary  to  the  sluice  when  up,  the  raising  being  effected 
by  winches  placed  on  the  piers.  The  sluices,  which  sustain  a  maxi- 
mum pressure  of  100  tons  each  when  down,  are  constructed  with  steel 
plates  stiffened  on  the  down-river  side  by  two  steel  arched  girders,  and 
are  provided  with  timber  floats  to  allow  of  their  rising  with  the  flow 
of  the  stream,  to  pass  the  land  water  on  the  underside. 

Mr.  C.  J.  More,  M.  Inst.  C.E.,  is  the  engineer,  Mr.  Le  Neve  Foster 
is  resident  engineer.  Mr.  F.  G.  M.  Storey  is  the  inventor  of  the  sluices, 
and  Messrs.  Ransomes  &  Eapier,  of  Ipswich,  the  contractors  for  the 
ironwork. 
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TEDDINGTON  SEWAGE-DISPOSAL  WORKS. 

By  HENEY  YOEK,  F.S.L,  Surveyor  to  the  Teddington 
Local  Board. 

Teddington  is  situate  on  the  Middlesex  bank  of  the  Eiver  Thames, 
and  is  distant  about  12  miles  from  London.  It  has  an  area  of  1214 
acres,  of  which  about  17  acres  consist  of  water.  The  present  popu- 
lation is  estimated  to  be  over  11,000,  and  is  rapidly  increasing.  In 
1871  the  population  was  4050  ;  in  1881  it  was  6595 ;  in  1891  it  was 
10,025.  The  rateable  value  is  56,000?.  The  parish  is  generally 
very  level,  the  surface  being  about  25  feet  above  Ordnance  datum, 
except  towards  the  north-west,  where  the  ground  rises  to  about 
65  feet  above  Ordnance  datum.  This  rising  ground  is,  however, 
chiefly  farm  land,  the  greater  part  of  the  populated  portion  of  the 
parish  having  a  variation  of  level  of  only  1  foot  in  1J  miles.  The 
soil  consists  principally  of  alluvial  gravel,  which  overlies  the  London 
clay.  This  clay  is  generally  found  at  a  depth  of  from  18  feet  to 
20  feet  below  the  surface,  but  in  a  few  places  it  crops  up  nearly  to 
the  surface.  The  subsoil  water  at  the  present  time  is  chiefly  at  a 
depth  of  from  6  feet  to  8  feet  below  the  surface,  although  in  some 
places  where  the  clay  forms  basins  I  have  observed  the  subsoil  water 
to  be  at  a  depth  of  only  18  inches  below  the  surface.  In  a  few 
instances,  on  the  other  hand,  water  is  not  found  nearer  to  the  surface 
than  10  feet  or  12  feet.  One  result  of  the  subsoil  water  being  found 
at  such  shallow  depths  has  been  that  wells  have  been  sunk  in  large 
numbers,  and  these  wells  being  frequently  in  close  proximity  to 
percolating  cesspools,  the  risk  of  the  contamination  of  the  water  was 
very  great. 

In  the  very  early  days  of  the  parish  many  of  the  houses  were 
drained  direct  into  the  Thames  by  means  of  the  ditches  or  small 
watercourses  which  intersected  the  parish.  These  naturally  soon 
became  a  nuisance,  and  were  built  over  in  places,  forming  culverts. 
These  culverts  were  the  earliest  form  of  sewerage  in  the  parish,  and 
from  them  arose  the  present  system  of  storm-water  sewers.  In  1865 
the  Thames  Conservancy  obtained  an  Act  prohibiting  sewage  from 
being  discharged  into  the  Thames  below  Staines,  and  accordingly 
Teddington,  with  other  places,  was  required  to  prevent  all  sewage 
from  being  discharged  through  the  storm-water  drains.  The  Local 
Board,  which  was  established  in  1867,  then  set  to  work,  and  to  a  very 
large  extent  freed  the  storm- water  drains  from  sewage.    They  also 
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from  time  to  time  extended  the  storm-water  drainage,  until  now 
the  district  has  a  system  of  storm- water  drainage  almost  equal  in 
extent  to  the  new  system  of  soil  sewers.  One  of  the  most  beneficial 
results  which  followed  upon  the  laying  of  the  storm-water  drains  was 
the  lowering  of  the  subsoil  water.  The  drains  in  certain  instances 
were  laid  with  the  avowed  object  of  lowering  the  subsoil  water,  the 
pipes  being  jointed  only  half  round.  So  far  it  may  be  said  the 
district  was  drained  entirely  by  cesspools,  and  notwithstanding  the 
liability  of  the  wells  to  become  contaminated,  the  inhabitants  were 
very  fond  of  them,  drank  the  water  freely,  and  generally  lived  to  a 
good  age.  In  1877,  however,  all  the  districts  of  the  Thames  from 
Molesey  and  Hampton  to  Barnes  and  Mortlake  were  combined  to 
form  what  was  known  as  the  Lower  Thames  Valley  Main  Sewerage 
Board,  the  object  of  which  was  to  obtain  a  scheme  of  outfall  and 
disposal  for  the  sewerage  of  the  several  districts.  This  board  had 
the  reputation  of  being  the  most  energetic  and  extravagant  board 
ever  known.  Innumerable  schemes  for  the  interception  and  disposal 
of  the  sewage  were  considered,  and  one  designed  by  the  late  Colonel 
Haywood  was  approved  by  them,  and  a  Local  Government  Board 
enquiry,  extending  over  forty-three  days,  was  held ;  this  scheme  was 
not  sanctioned.  Subsequently  another  scheme  by  Messrs.  Mansergh 
and  Melliss  was  put  forward,  and  an  enquiry  held  upon  it ;  this 
scheme  was  approved  by  the  Local  Government  Board,  but  was  not 
carried  out  owing  to  some  of  the  contributory  districts  forming  the 
joint  board  successfully  petitioning  Parliament  to  dissolve  the  board. 
Thus  ended  the  first  efforts  towards  the  sewerage  of  this  district. 
The  joint  board  was  afterwards  dissolved. 

The  necessity  for  sewering  the  districts,  however,  was  increasing, 
and  in  1887  I  was  instructed  to  prepare  a  scheme  for  the  sewering  of 
the  district,  Mr.  Melliss  being  appointed  by  the  board  consulting 
engineer  in  the  matter.  The  first  business,  of  course,  was  to  obtain 
a  site  for  the  work  of  pumping  and  disposing  of  the  sewage,  and 
eventually  the  present  site  of  the  works  was  obtained  privately 
through  the  then  chairman  of  the  board  (Mr.  H.  Page).  The 
scheme  was  then  put  into  shape,  an  enquiry  held  by  Major-General 
C.  Phipps  Carey,  and  the  sanction  of  the  Local  Government  Board 
obtained  for  raising  a  loan  for  the  work.  The  sewerage  scheme  as 
executed  does  not  vary  in  any  appreciable  degree  from  the  original 
design.  It  consists  of  about  14  miles  of  sewers,  ranging  from  9  inches 
to  21  inches  in  diameter.  Branch  sewers  have  also  been  carried  up 
from  the  main  sewers  to  all  existing  houses.  All  are  stoneware 
except  where  the  railway  is  crossed,  and  there  an  iron  pipe  is  used. 
They  are  laid  without  exception  at  self-cleansing  gradients,  and  it  is 
calculated  that  sewage  will  reach  the  outfall  from  the  most  distant 
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part  in  1  hour  22  minutes.  Another  contract  is  about  to  be  entered 
into  by  the  board  for  an  extension  of  the  scheme  through  all  the 
private  roads,  which  will  add  another  4^  miles  to  the  length,  making 
a  total  of  over  18  miles  of  sewers.  Owing  to  the  level  character  of 
so  large  a  portion  of  the  district  it  became  necessary  to  have  an 
intermediate  pumping  station  near  the  railway  station.  The  sewers 
accordingly  gravitate  from  the  upper  part  of  the  district  to  that  spot, 
where  the  sewer  (a  15-inch  pipe)  is  21  feet  below  the  surface,  or 
9  feet  above  Ordnance  datum.  This  sewer  takes  the  sewage  from  all 
that  part  of  the  district  lying  west  of  the  Kingston  line  of  railway. 
The  intermediate  lift  is  effected  by  means  of  Shone's  ejectors,  of 
which  there  are  three  of  300  gallons  capacity,  two  being  capable 
of  doing  the  maximum  required  work,  and  the  other  being  kept  in 
reserve.  The  sewage  is  discharged  by  the  ejectors  into  an  18-inch 
gravitating  sewer,  which  conducts  it  to  the  outfall  works.  The 
remainder  of  the  district  has  sewers  which  gravitate  to  the  outfall 
works.  The  main  outfall  sewer  is  21  inches  in  diameter  and  about 
26  feet  below  the  surface  or  1  foot  below  Ordnance  datum.  At  the 
upper  end  of  each  main  sewer  is  an  automatic  flushing  tank.  These 
tanks  contain  from  750  to  1100  gallons  of  water,  according  to  the 
size  and  length  of  sewer  into  which  they  discharge.  Many  of  the 
intermediate  manholes  are  provided  with  flushing  discs.  The  venti- 
lation of  the  sewers  is  at  present  by  means  of  openings  in  the  man- 
hole covers  in  the  surface  of  the  roads,  but  the  question  of  sewer 
ventilation  is  now  receiving  the  very  careful  attention  of  the  board, 
as  I  find  that  even  with  efficient  flushing  and  carefulness  in  other 
matters  smells  occasionally  arise  from  the  gratings. 

Although  the  present  population  is  only  about  11,000,  the  capacity 
of  the  sewers  is  sufficient  to  receive  the  sewage  from  a  population  of 
30,000  persons,  calculated  at  45  gallons  per  head  per  day,  half  this 
quantity  being  allowed  to  pass  away  in  six  hours.  The  outfall  sewer, 
which  is  at  a  gradient  of  1  in  700,  has  a  discharging  capacity  of  353 
cubic  feet  per  minute,  with  a  velocity  of  147  feet  per  minute  when  the 
pipe  is  running  half  full.  The  sewage  is  discharged  into  the  purifi- 
cation works  at  a  depth  of  26  feet  below  the  surface  of  the  ground, 
and  is  there  pumped  to  a  total  height  of  about  36  feet  into  the 
precipitation-tanks.  Previously  to  entering  the  pump  well  the 
sewage  passes  through  a  close  screen  in  order  that  it  may  be  freed 
from  rags  and  substances  likely  to  affect  the  pumps,  and  milk  of 
lime  is  added  to  it,  the  mixing  of  the  milk  of  lime  with  the  sewage 
being  performed  by  the  operation  of  pumping.  Chemical  mixers  are 
situate  on  the  gallery  in  the  room  which  on  the  present  occasion  is 
devoted  to  the  purposes  of  the  luncheon,  and  these  are  of  sufficient 
height  to  inject  the  aluminoferric  into  the  rising  main  of  the  pumps 
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before  it  leaves  the  building — by  tbis  means  tbe  sewage  is  deodorised 
entirely  within  the  sewers  and  the  pumps,  thus  providing  against  all 
risk  of  nuisance  at  the  works  from  the  smell  of  sewage.  The 
arrangement  of  the  works  is  such  that  the  Board  may  adopt  any 
other  chemical  treatment  if  so  desired.  The  sewage  containing  the 
chemicals  is  discharged  direct  from  the  pumps  into  a  channel  at  the 
head  of  the  tanks,  from  which  channel  it  is  conducted  into  either  of 
the  four  precipitation  tanks,  which  are  of  sufficient  capacity  to  con- 
tain collectively  225,000  gallons,  or  nearly  one-half  the  estimated 
daily  flow  from  a  population  of  13,000  persons.  The  tanks  are 
constructed  so  that  they  may  be  used  either  on  the  continuous  or 
intermittent  principle.  The  effluent  water  from  the  tanks  after  the 
sewage  has  been  precipitated  is  conducted  by  the  channels  provided 
for  the  purpose  to  the  nitration  area,  which  is  6-f  acres  in  extent, 
and  which,  with  the  exception  of  a  small  osier  bed,  is  underdrained 
at  a  depth  of  about  6  feet.  These  underdrains  intercept  the  effluent 
water  passing  through  the  land,  and  convey  it  by  means  of  a  stone- 
ware pipe  drain  15  inches  in  diameter  to  the  Eiver  Thames,  discharg- 
ing into  the  tidal  portion  of  the  river  at  a  short  distance  below 
Teddington  weir.  To  return  to  the  purification  works,  the  effluent 
water  having  been  drawn  from  the  tanks,  the  remaining  sludge  is 
swept  up  to  the  drain,  which  conducts  it  to  the  sludge-pit,  which  is 
situated  under  the  pressing  house.  The  sludge  has  a  small  quantity 
of  lime  added  to  it,  the  mixing  of  the  lime  with  the  sludge  being 
performed  by  means  of  compressed  air,  and  then  pressed,  rendering  it 
easily  portable,  the  liquor  from  it  being  conveyed  back  to  the  sewer 
for  re-treatment. 

The  air-compressing  machinery  by  Messrs.  Hughes  and  Lancaster 
for  working  the  Shone's  ejectors,  which  are  about  one  mile  away,  is 
in  duplicate,  and  is  situated  in  the  same  room  as  the  pumping 
engines.  The  pumps  are  arranged  on  the  triple  principle,  and  the 
engines  for  driving  them  are  in  duplicate,  either  engine  being 
powerful  enough  and  so  arranged  as  to  drive  any  two  or  all  three  of 
the  pumps  if  necessary.  The  sludge  presses  are  in  duplicate.  We 
have  also  two  30-h.p.  boilers — one  to  work  all  the  engines  and 
machinery,  the  other  as  a  stand-by.  The  machinery  and  tanks  are 
designed  so  as  to  be  readily  capable  of  enlargement,  if  necessary,  to 
deal  with  the  sewage  of  a  population  of  30,000.  The  pumps  are  of 
the  kind  known  as  vertical  plunger  pumps,  fitted  with  Okes's  patent 
valves,  which  are  specially  adapted  for  sewage  and  were  supplied  by 
Messrs.  Owens  &  Co.  An  inspection  of  the  diagram  of  the  pumps, 
kindly  lent  to  me  by  the  patentee,  Mr.  Okes,  will  explain  their 
action.  They  are  each  capable  of  lifting  450  gallons  per  minute, 
working  at  38.    The  engines  driving  the  pumps  are  of  the  ordinary 
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horizontal  single-cylinder  kind,  and  were  made  by  Marshall,  Sons  & 
Co.  The  sludge  presses  are  those  of  Messrs.  Johnson  &  Co.,  the 
sludge  being  pumped  direct  into  the  presses  without  the  use  of 
compressed  air.  The  boilers  are  Messrs.  Galloway's  patent,  18  feet 
long  and  6  feet  diameter.  The  pump  well  and  the  sludge  pits  are 
ventilated  by  pipes  into  the  chimney  shaft.  The  lime  and  chemical 
mixers  are  those  of  Messrs.  Johnson  &  Co.,  and  the  mixing  is  per- 
formed by  means  of  compressed  air.  This  I  have  found  to  be  a  very 
convenient  arrangement,  and  the  lime  mixers  perform  their  work 
very  efficiently.  The  water  required  for  chemical  mixing  and  boilers 
is  obtained  from  a  well  in  front  of  the  buildings,  and  pumped  into 
tanks  in  the  roof  by  means  of  a  donkey-pump.  The  buildings  are 
lighted  by  electricity,  which  is  generated  by  a  dynamo  worked  by  an 
arrangement  of  pulleys  from  the  pumping  engine ;  for  ordinary 
purpose  of  work  the  speed  of  the  engine  is  sufficient  to  obtain  a  very 
good  light.  Teddington  has  the  credit  of  being  the  first  place  in  the 
United  Kingdom  whose  sewage  works  were  lighted  by  electricity. 
Seeing  that  we  obtain  water  on  the  premises  and  generate  our  own 
artificial  light,  we  are  entirely  independent  of  all  water  or  gas  com- 
panies. The  character  of  the  building  is  of  good  class,  it  being  felt 
that  it  was  due  to  the  locality  that  a  building  of  some  appearance 
should  be  erected,  and  I,  moreover,  felt  that  where  sewage  has  to  be 
dealt  with,  against  which  there  is  considerable  sentimental  feeling, 
the  better  and  more  pleasant  the  surroundings  are  the  more  that 
sentiment  is  overcome. 

The  entire  cost  of  the  sewers  and  disposal  works  has  been  50,655Z. 
The  works  have  now  been  in  operation  and  have  successfully  treated 
the  sewage  for  the  last  12  months.  Until  the  end  of  last  month 
pumping  was  carried  on  only  during  12  hours  of  each  day,  but  it  was 
found  that  there  were  several  objections  to  allowing  the  sewage  to 
accumulate  in  the  sewers  during  the  night.  An  experiment  of  con- 
tinuous pumping  has  therefore  been  tried,  which  so  far  has  given  most 
satisfactory  results.  I  find  that  there  is  less  smell  from  the  manholes 
and  the  sewage  can  be  more  easily  treated  at  the  works.  Flushing 
is  facilitated,  and  the  flow  being  more  regular  the  machinery  can  be 
used  to  better  advantage.  Continuous  pumping  is  of  course  more 
expensive,  but  the  advantages  are  so  many  that  I  shall  urge  my 
board  not  to  return  to  intermittent  pumping.  The  quantity  now 
pumped  equals  379,000  gallons  per  24  hours,  the  coal  consumption 
being  22  cwt.  per  24  hours.  The  chemicals  used  are :  lime,  about  5 
grains  per  gallon  ;  alum,  about  3^  grains  per  gallon.  The  popula- 
tion at  present  draining  into  the  sewers  is  nearly  5200,  but  this 
number  is  rapidly  increasing,  as  fresh  connections  are  being  made 
with  the  sewers  daily. 
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Eeturns,  or  Books  of  Statistics,  on  the  following  subjects  lie  at 
the  Offices  of  the  Association,  11  Victoria  Street,  Westminster, 
S.W.,  and  are  open  to  the  inspection  of  Members. 


1.  Particulars  of  Sewage  Purification  and  Disposal.  Eeturns  from 
41  towns.  Compiled  by  H.  Eichardson,  A.  M.  Inst.  C.E.,  Town 
Surveyor,  Oidbury.  1890. 

2.  Statistics  relating  to  Water  Supply  for  Domestic,  Trade, 
Sanitary,  Street-watering,  and  Public  Purposes.  Information  from 
111  towns.  Compiled  by  J.  T.  Eayrs,  A.  M.  Inst.  C.E.,  Borough 
Surveyor,  West  Bromwich.  1890. 

3.  Comparison  of  Cost  and  Life  of  Granite  and  Gritstone 
Pavement.  Information  received  from  33  towns.  Compiled  by 
C.  F.  Wike,  M.  Inst.  C.E.,  Borough  Surveyor,  Sheffield.  1890. 

4.  The  Collection  of  House  Eefuse.  Eeturns  from  89  towns. 
Compiled  by  J.  Price,  A.  M.  Inst.  C.E.,  Surveyor  to  the  Local 
Board,  Toxteth  Park.  1891. 

5.  The  Disposal  of  House  Eefuse,  &c.  Eeturns  from  39  towns. 
Compiled  by  J.  Price,  A.  M.  Inst.  C.E.,  Surveyor  to  the  Local 
Board,  Toxteth  Park.  1891. 

6.  Particulars  respecting  Tar  Macadam.  Eeturns  from  72  towns. 
Compiled  by  Joseph  Hall,  A.  M.  Inst.  C.E.,  Borough  Surveyor, 
Cheltenham.  1891. 

7.  Information  on  the  Working  of  Shone's  Hydro-Pneumatic 
System.  Eeturns  from  20  towns.  Compiled  by  E.  Buckham, 
M.  Inst.  C.E.,  Borough  Surveyor,  Ipswich.  1891. 

8.  Tabulated  Statement  as  to  Eoad  Watering.  Eeturns  from 
65  towns.  Compiled  by  W.  Dawson,  A.  M.  Inst.  C.E.,  Local 
Board,  Ley  ton.  1891. 

9.  Information  with  reference  to  Street  Tramways.  Eeturns 
from  48  towns.  Compiled  by  J.  E.  Swindlehurst,  A.  M.  Inst.  C.E., 
Borough  Surveyor,  Burton-upon-Trent.  1891. 

10.  Information  with  reference  to  Electric  Lighting.  Eeturns 
from  88  towns  and  10  London  Vestries.  Compiled  by  J.  W. 
Cockrill,  A.  M.  Insfc.  C.E.,  Borough  Surveyor,  Great  Yarmouth. 
1891. 
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11.  Particulars  of  Gas  Undertakings  in  the  hands  of  Local 
Authorities.  Returns  from  38  districts.  Compiled  by  Percival 
Boss,  A.  M.  Inst.  C.E.,  Engineer  to  the  Local  Board,  North 
Bierley.  1891. 

12.  Information  obtained  relative  to  the  Construction  of  Works 
of  Private  Street  Improvements.  Eeturns  from  49  towns.  Com- 
piled by  W.  J.  Newton,  A.  M.  Inst.  C.E.,  Borough  Surveyor, 
Accrington.  1892. 

13.  Information  respecting  Sewage  Disposal.  Eeturns  from 
53  towns.  Compiled  by  J.  H.  Cox,  M.  Inst.  C.E.,  Borough 
Surveyor,  Bradford.  1892. 

14.  The  Meteorology  of  Nottingham.  Also  Chart  showing 
the  relation  of  the  Number  of  Deaths  from  various  causes  to 
Meteorological  Conditions  for  1891-93.  Compiled  by  A.  Brown, 
M.  Inst.  C.E.,  Borough  Surveyor,  Nottingham,  and  Philip  Boob- 
byer,  M.B. 

15.  Particulars  obtained  from  54  towns  respecting  Public  Street 
Lighting.   May  1892.   Surveyor,  Local  Board,  Dalton-in-Furness. 

16.  Use  of  Steam  Road-Rollers.  Particulars  obtained  from  42 
towns  and  districts.  Compiled  by  A.  W.  Parry,  A.  M.  Inst.  C.E., 
Reading. 

17.  Ventilation  of  Sewers.  Statement  of  replies  from  81  towns. 
Compiled  by  J.  T.  Earnshaw,  A.  M.  Inst.  C.E.,  Ashton-under- 
Lyne. 

18.  Electric  Lighting.  Information  and  Statistics  from  58 
towns.  Compiled  by  W.  A.  Davies,  A.  M.  Inst.  C.E.,  Aston 
Manor. 

19.  House  Drainage.  Information  from  31  towns.  1894. 
Compiled  by  J.  Atkinson,  A.  M.  Inst.  C.E.,  Stockport. 

20.  Main  Boads.  Maintenance  of  in  Non-County  Boroughs. 
Particulars  from  83  towns.  Compiled  by  W.  H.  Smith,  A.M.I.C.E., 
Carlisle. 

21.  Slaughter  Houses.  Information  obtained  from  22  towns. 
Compiled  by  J.  W.  Cockrill,  A.  M.  Inst.  C.E.,  Great  Yarmouth. 

22.  Electric  Lighting.  Replies  from  38  towns.  Compiled  by 
J.  W.  Brown,  A.  M.  Inst.  C.E,  West  Hartlepool. 
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Eeports,  Specifications  and  other  Particulars  of  the  Blackburn 
Corporation  Municipal  Works.  J.  B.  McCallum,  Borough 
Engineer. 

Fever  Hospital.  Description  of  the  Blackburn.  By  J.  B. 
McCallum. 

Havre,  Question  d'Assainissement. 
Bye-laws  of  the  Audenshaw  Local  Board. 

Eeports. 

Annual  Eeports,  City  Surveyor,  Sydney.  1889-92. 
Means  of  Eegulating  Vehicular  Traffic.    City  Surveyor,  Sydney. 
1891. 

Specification,  Wood  Paving  and  Cube  Sett  Paving.  City 
Surveyor,  Sydney. 

Eeport  upon  the  Disposal  of  Eefuse,  &c,  in  Cities  of  Melbourne 
and  Adelaide.    City  Surveyor,  Sydney.  1891. 

Yearly  Eeport.    City  Surveyor,  Montreal,  1890. 

Eeport  on  Cable  Tramways.  Borough  Surveyor,  Bradford.  1890. 

Annual  Eeports.   Surveyor  Local  Board,  Willesden.  1890-92. 

Annual  Eeports.   Surveyor  to  the  Vestry  of  Fulham.  1890-91. 

Annual  Reports.  Borough  Surveyor,  Stockport,  to  the  High- 
ways and  Sewers  Committee.  1890-92. 

Eeport  on  the  Collection  and  Disposal  of  House  Eefuse.  Sur- 
veyor to  Local  Board,  Wimbledon.  1891. 

Annual  Eeport.    City  Surveyor,  Montreal.  1891. 

Annual  Eeport  of  the  Metropolitan  Board  of  Water  Supply  and 
Sewerage.    Sydney.  1891. 

Annual  Report  of  Borough  Surveyor  of  Stockport.  1891-92. 

Papers  on  Sewer  Ventilation,  with  Eeport  of  Mr.  Gilbert 
Eedgrave.  1891. 

Eeport  on  Lighting  the  City  of  Liverpool  by  Electricity. 
City  Engineer,  Liverpool.  1892. 

Description  of  the  Sewage  Disposal  Works  of  the  County 
Borough  of  Burnley.    By  F.  S.  Button. 

Eeport  on  Drainage.  Frognall  and  Oak  Hill  Park,  Hampstead. 
1892. 


(    364  ) 


VOLUNTARY  EXAMINATIONS. 


SYLLABUS. 

The  Incorporated  Association  of  Municipal  and  County 
Engineers  undertake  the  holding  of  Voluntary  Pass  Examinations 
for  Candidates  for  Surveyorships  under  Municipal  Corporations  and 
the  Local  Government  Acts. 

There  are  two  Examinations  in  each  year,  one  in  April,  in 
London,  and  one  in  October,  in  some  provincial  town  to  be  fixed 
on  by  the  Council,  and  advertised  six  months  beforehand. 

The  Examinations  are  by  written  papers  and  viva  voce,  upon  the 
four  following  subjects : — 

1st.  Engineering  as  applied  to  Municipal  work. 

2nd.  Building  Construction  and  Materials. 

3rd,  Sanitary  Science  as  applied  to  Towns  and  Buildings. 

4th.  Public  Health  Acts,  and  Rivers  Pollution  Acts. 

Candidates  are  allowed  two  hours  to  answer  the  questions  under 
each  of  the  four  heads,  and  are  not  necessarily  required  to  answer 
all  the  questions  set  in  each  paper,  though  not  less  than  four  must 
be  taken  :  marks  are  given  for  all  questions  properly  answered.  The 
viva  voce  examination  is  held  after  the  written  papers  have  all  been 
sent  in,  and  is  directed  to  the  further  elucidation  of  the  answers  to 
the  papers  on  each  subject,  and  to  such  practical  points  as  fairly  arise 
therefrom. 

The  Examinations  extend  over  one  or  two  days,  as  circumstances 
may  require,  and  in  the  latter  case  the  arrangements  are,  as  far  as 
possible,  as  follows: — 

First  day    ..10      to  12    ..  Engineering. 

„  ..2       „    4    ..  Building  Construction. 

„  ..5       „    7  Sanitary  Science. 

Second  day  ..    9.30  „  11.30  Public  Health  Law. 

„  ..12       „  4  Viva  voce  Examination. 

The  total  number  of  marks  required  to  constitute  a  pass  is  50  per 
cent,  in  each  of  the  subjects. 
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Each  candidate  has  to  fill  a  Form  of  Application,  to  be  obtained 
from  the  Secretary. 

Candidates  must  have  attained  their  twenty-second  birthday. 

The  fee  for  each  Examination  is  3Z.  3s.,  one  guinea  to  be  paid 
on  application,  and  the  balance  on  the  day  of  examination.  Should 
the  candidate  fail,  he  will  be  entitled  to  present  himself  again  at  the 
next,  or  any  subsequent  Examination,  on  payment  of  one-half  of  the 
above  fee,  one  guinea  to  be  paid  on  application  and  half  a  guinea  on 
the  day  of  Examination. 

No  further  charge  will  be  made  to  the  candidate  than  the  fees 
above  mentioned. 

Candidates  that  do  not  present  themselves  for  the  Examination 
forfeit  the  entrance  fee. 

Successful  candidates  are  entitled  to  receive  a  Certificate  in  the 
form  of  a  "  Testamur,"  signed  by  the  Examiners  for  the  time  being, 
and  countersigned  by  the  President  and  Secretary  of  the  Association 
in  Council. 

Further  details  and  particulars  may  be  obtained  on  application 
to  Mr.  Thomas  Cole,  Secretary  to  the  Association,  11  Victoria 
Street,  S.W. 

SUBJECTS  OF  EXAMINATION. 

I. — Engineering  as  applied  to  Municipal  Work  : 

A.  Land  Surveying  and  Levelling. 

B.  Hydraulics. 

C.  Sewerage  and  Sewage  Disposal  Works. 

D.  Water  Supply. 

E.  Koad  Making. 

II. — Building  Construction  :  Strength  of  Materials  : 

A.  Materials. 

B.  The  Construction  of  Public  and  Private  Buildings. 

C.  Building  Bye-laws. 

D.  Public  Baths  and  Hospitals. 

III.  — Sanitary  Science  as  applied  to  Towns  and  Buildings  : 

A.  Ventilation  of  Buildings. 

B.  Scavenging  and  Disposal  of  Kefuse. 

C.  House  Drainage. 

D.  Disinfection. 

IV.  — Public  Health  Acts.    Eivers  Pollution  Acts. 

Note. — The  Examiners  do  not  recommend  any  particular  text  books,  as  it  is 
desired  to  make  the  Examinations  rather  a  test  of  the  candidate's  practical 
knowledge  of  the  subjects  generally,  than  to  find  his  acquaintance  with  any- 
particular  book  or  books. 
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EXAMPLES  OF  QUESTIONS. 

The  following  are  the  Examination  Papers  set  to  the  candidates 
at  the  Sixteenth  Examination,  held  at  the  St.  George's  Hall,  Liver- 
pool, on  the  6th  and  7th  October,  1893. 

Subject  : — Engineering  as  applied  to  Municipal  Work. 
Examiner: — T.  Be  Courcy  Meade,  M.  Inst.  C.E. 

1.  Write  a  short  specification  for  the  supply  of  Portland  Cement  to  ensure 

the  delivery  of  cement  of  the  best  quality. 

2.  How  do  you  find  the  specific  gravity  of  (a)  a  solid  body  heavier  than 

water  ;  (b)  a  solid  body  lighter  than  water ;  (c)  a  solid  body  soluble 
in  water ;  (d)  a  liquid  ?  The  specific  gravity  being  known  how  is  the 
weight  found  ? 

3.  Describe  the  principle  of  the  hydraulic  ram.    Illustrate  by  sketch,  and 

name  the  conditions  under  which  it  gives  the  best  results. 

4.  Draw  to  scale  a  transverse  section  of  a  street  suitable  for  an  Urban  Dis- 

trict, with  macadam  carriageway  and  paved  footways,  and  describe  the 
materials  to  be  used,  and  the  method  of  construction. 

5.  Make  a  sketch  of  a  brick  tank  to  be  constructed  under  a  public  way  for 

the  purpose  of  flushing  a  9-inch  pipe  sewer,  the  gradient  of  the  sewer 
being  1  in  430,  and  the  length  750  feet.  Give  dimensions  of  tank  and 
describe  the  method  you  would  adopt  for  working  it,  and  what  means 
you  would  adopt  for  removing  some  three  to  five  inches  of  stiff  sedi- 
ment from  the  invert  of  the  sewer  without  breaking  into  it  at  any 
point,  there  being  a  manhole  at  each  end,  but  no  intermediate 
opening. 

6.  Describe  generally  the  principles  of  sewer  ventilation,  and  briefly  state 

any  methods  you  are  conversant  with  for  ventilating  sewers,  giving  the 
advantages  or  disadvantages  of  each  method. 

7.  What  is  the  discharging  capacity  (in  cubic  feet  per  minute)  of  an  18-inch 

circular  sewer  running  full,  the  inclination  being  1  in  400  ?  Give  the 
formula  used  and  show  the  working. 

8.  What  sized  pipe  would  you  recommend  for  the  drainage  of  a  twelve- 

roomed  town  house ;  at  what  inclination  should  it  be  laid  ?  Give  its 
discharging  capacity  when  running  full,  the  maximum  quantity  of 
sewage  likely  to  pass  through  it  under  ordinary  circumstances  at  any 
period  of  the  day,  and  the  velocity  of  the  maximum  flow. 

9.  Describe  what  is  known  as  the  "  Shone  "  system  of  sewerage  and  state  its 

advantages  or  disadvantages. 
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10.  What  is  the  total  pressure  of  quiet  water  against  the  surface  of  a  lock 

gate  20  feet  wide  and  10  feet  high,  and  the  pressure  per  square  inch 
(a)  1  foot  below  the  surface;  (b)  at  the  centre  of  gravity ;  (c)  at  the 
bottom  of  the  gate  ? 

11.  Describe  the  method  of  testing  the  illuminating  power  of  coal  gas. 

12.  Draw  to  scale  a  section  of  a  circular  cast-iron  column,  12  feet  in  height, 

capable  of  supporting  a  dead  weight  of  30  tons,  and  figure  dimensions, 
thickness  of  metal,  &c. 

Subject: — Building  Construction,  &c. 
Examiner : — H.  Percy  Boulnois,  M.  Inst  C.E. 

1.  Give  a  brief  description  of  the  following  terms — 

(a)  Kaolin,  Ganister,  Pozzuolana,  Apcenite,  Bastard  Roach,  Compass 

Brick,  Fret  Lead,  Buckled  Plate,  Flitch  Plate. 

(b)  What  is  "  Case  Hardening  "  ?    What  is  "  Barff's  Process"  ? 

2.  Describe  Portland  Cement  and  Keene's  Cement,  and  give  two  cases,  re- 

spectively, in  which  you  would  use  them. 

3.  What  are  the  evils  of  fat  lime  mortar  ? 

4.  Why  should  the  cross-section  of  a  cast-iron  beam  be  different  from  that  of 

a  timber  beam  ?    Illustrate  your  answer  by  diagrams. 

5.  Describe  briefly  the  differences  between  Sandstones  and  Limestones,  and 

specify  the  chief  uses  of  each  in  building  work. 

6.  What  mortar  would  you  use  for  the  following  ? — 

(a)  Coping  of  bricks  on  edge  ; 

(b)  Tall  chimney  shaft ; 

(c)  Outer  walls  of  warehouse  basement ; 

and  state  your  reasons. 

7.  Specify  in  detail  for  a  trussed  or  other  wooden  beam  for  a  warehouse  floor 

30  feet  between  the  walls,  beams  10  feet  apart  (centres).  The  storey 
supported  by  the  floor  is  10  feet  in  height,  and  is  fully  stored  with  close 
packages  of  paper. 

8.  Make  a  figured  sketch  plan  and  section  of  a  6-roomed  dwelling  house, 

which  just  complies  with  the  requirements  of  the  Model  Bye-Laws. 

9.  What  special  provisions  are  contained  in  the  Model  Bye-Laws  regulating 

the  construction  of  chimneys  and  flues  ? 

10.  What  regulations  would  you  suggest  (giving  details  of  staircases,  &c.) 

for  compliance  with  Sec.  36  of  the  Public  Health  Acts  Amendment 
Act,  1890,  as  to  means  of  ingress  to  and  egress  from  a  theatre  capable 
of  seating  2500  persons  ? 
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Subject  : — Sanitary  Science. 
Examiner : — A.  M.  Fowler,  M.  Inst.  C.E. 

Sewers. 

I.  What  is  the  minimum  velocity  necessary  in  the  flow  of  sewage  which 

should  be  sought  to  be  obtained  to  prevent  deposit? 

(a)  What  is  the  best  form  of  sewer  to  secure  this — say  for  a  sewer 

equal  to  5  feet  diameter  ?    Give  sketch  of  cross  section. 

(b)  How  should  a  sewer  of  the  above  size,  about  a  mile  in  length, 

with  but  slight  fall,  be  ventilated  ?  Give  sketch  of 
ventilators,  position,  distance  apart,  and  mode  of  con- 
struction. 

(c)  What  are  the  best  known  means  applicable  for  flushing  such  a 

sewer  ?    Name  them. 

(d)  Give  a  sketch  plan  of  a  few  streets  showing  how  you  would 

plan  main  sewers  for  a  small  town  to  insure  inspection. 

Baths  in  Dwellings. 

II.  Describe  the  principle  upon  which  a  hot  and  cold  water  apparatus  is 

constructed. 

(a)  Give  sketch  showing  hot  and  cold  water  pipes  and  their  relative 

positions  and  connections  to  the  cisterns,  and  how  circulation 
is  secured. 

(b)  The  best  position  for  the  apparatus.    Give  sketch  plan  showing 

roughly  the  relative  position  of  the  rooms  on  the  bathroom 
floor. 

Hospitals. 

III.  What  is  the  best  known  method  for  adoption  to  heat  a  hospital,  say, 

in  a  wing  containing  12  beds  ?    Give  sketch,  if  necessary. 

(a)  State  the  best  means  for  ventilating  the  same. 

(b)  Give  a  sketch  plan  of  a  general  arrangement  for  a  hospital,  say 

with  three  distinct  sections  of  12  beds  each,  for  separating 
contagious  diseases,  showing  administrative  department, 
sanitary  offices,  and  washhouse. 

Water  Supply. 

IV.  What  are  the  best  sources  from  which  to  obtain  water  for  domestic  use  ? 

Name  them  in  order. 

(a)  How  many  gallons  per  head  should  be  provided  for,  say,  a  town 

(non-manufacturing)  of  10,000  population  ? 

(b)  State  the  most  convenient  pressure  (about)  which  should  be 

sought  to  be  obtained  on  the  mains  in  a  town. 

(c)  What  would  you  recommend  as  the  minimum  degrees  of 

hardness  which  should  be  sought  to  be  obtained  for  domestic 
use  ? 

(d)  What  is  the  most  ready  way  of  testing  the  purity  of  water  for 

domestic  use  ? 
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Subject     Public  Health  Acts  and  Eivees  Pollution  Acts. 
Examiner  : — Joseph  Lobley,  M.  Inst.  C.E. 

1.  Name  the  regulations  to  be  observed  by  an  Urban  Authority  with 

respect  to  Contracts.  What  are  the  powers  of  a  committee  in  the 
matter  ? 

2.  What  are  the  requirements  of  the  Public  Health  Act,  1875,  with  respect 

to  lighting  streets  not  repairable  by  the  ratepayers  ? 
State  how  much  of  the  expenses  can  be  charged  on  owners,  and  if  any 
part  of  the  first  cost  or  maintenance  is  so  chargeable. 

3.  What  are  the  powers  of  an  Urban  Authority  with  respect  to  fixing  (a)  a 

bracket  lamp,  (b)  a  street  name  plate,  (c)  a  door  number  ? 

4.  Describe  the  course  to  be  taken  where  the  authority  wish  to  make  (a)  & 

new  street,  (b)  to  widen  an  existing  one  where  the  owners  of  the 
property  necessary  to  be  acquired  are  not  willing  to  sell. 

5.  State  the  alteration  to  the  Public  Health  Act,  1875,  Section  156, 

respecting  line  of  buildings  made  by  the  Public  Health  (Buildings  in 
Streets)  Act,  1888. 

6.  How  is  Section  150  of  the  Public  Health  Act,  1875,  altered  by  the  Public 

Health  Acts  Amendment  Act,  1890  ? 

7.  Give  briefly  some  of  the  chief  provisions  of  the  last  named  Act  as  affecting 

Sanitary  Officers. 

8.  Describe  the  course  to  be  taken  by  a  Local  Authority  in  dealing  with  a 

street  (not  repairable  by  the  ratepayers)  under  the  Private  Streets 
Works  Act,  1892. 

9.  State  the  difference  between  the  Public  Health  Act,  1875,  and  the  Private 

Streets  Works  Act,  1892,  with  respect  to  declaring  a  street  (which  has 
been  made  up  to  the  satisfaction  of  the  Local  Authority)  to  be  a 
highway  repairable  by  the  inhabitants  at  large. 

10.  What  are  the  powers  of  a  Local  Authority  with  respect  to  persons 

putting  (a)  polluted  liquid  into  a  watercourse,  (b)  injurious  substances 
into  a  sewer,  (c)  hot  water  or  steam,  into  a  drain  ?  Give  the  titles  of 
the  Acts  relating  thereto. 

11.  State  shortly  some  of  the  principal  powers  of  a  Local  Authority  under 

the  Housing  of  the  Working  Classes  Act,  1890,  describing  the  course 
to  be  taken  in  dealing  with  a  group  of  houses  unfit  for  habitation. 

12.  State  the  provisions  under  the  Factory  and  Workshop  Act,  1891,  as  to 

cleanliness ;  water  closets ;  fencing  machinery ;  provision  against  fire ; 
and  name  the  Act  dealing  with  sanitary  conveniences  for  manu- 
factories. 
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EXAMPLES  OF  QUESTIONS. 

The  following  are  the  Examination  Papers  set  to  the  candidates 
at  the  Seventeenth  Examination,  held  at  the  Institution  of  Civil 
Engineers,  Westminster,  on  the  27th  and  28th  April,  1894. 


Subject: — Engineering  as  applied  to  Municipal  Work. 
Examiner  : — W.  Santo  Crimp,  M.  Inst.  C.E. 

1.  Describe  the  manner  in  which  a  lake  may  be  surveyed,  a  part  of  its 

boundary  being  inaccessible. 

2.  Give  a  page  of  levelling  book,  with  all  the  readings  and  workings,  and 

show  how  the  figures  are  checked. 

3.  Describe  the  terms  "  hydraulic  mean  depth  "  ;  and  u  hydraulic  gradient." 

4.  In  what  respect  are  the  older  formulae,  such  as  Eytelwein's,  defective ; 

and  to  what  extent  would  the  calculations  be  erroneous  in  the  case  of  a 
channel  10  feet  in  diameter,  constructed  of  brickwork  ? 

5.  What  was  the  most  important  result,  with  regard  to  the  flow  of  water  in 

artificial  channels,  obtained  by  MM.  Darcy  and  Bazin,  in  their  ex- 
periments ? 

6.  Write  a  short  specification  for  a  pipe  sewer,  12  inches  in  diameter,  which 

is  to  be  constructed  in  running  sand  at  a  depth  of  12  feet. 

7.  Why  is  the  "  separate  system  "  of  drainage  undesirable  in  the  case  of  large 

towns  with  much  vehicular  traffic  ? 

8.  Describe  the  best  way  of  laying  out  a  sewage  farm  on  a  clay  formation. 

9.  Give  the  proper  capacities  of  settling  tanks,  compared  with  the  dry  weather 

sewage  flow,  and  your  reasons  for  the  conclusions  arrived  at. 

10.  Why  are  service  reservoirs  provided  in  connection  with  a  town  supply, 

and  of  what  capacity  should  they  be,  compared  with  the  daily  supply  ? 

11.  What  is  the  quantity  of  water  required  per  head  of  a  population,  in  the 

case  of  towns  with  no  manufactories. 

12.  Give  the  cross  section  of  a  road  40  feet  in  width,  to  be  constructed  in  a 

suburban  district  where  the  soil  is  clay. 
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Subject: — Building  Construction,  &c. 
Examiner: — Charles  Jones,  M.  Inst,  C.E. 

1.  Give  a  brief  description  of  the  following  bricks :  (a)  stock ;  (b)  grizzle  ; 

(c)  place,  and  their  relative  value  ;  also  describe  two  sorts  of  machine- 
made  bricks,  and  state  the  class  of  work  for  which  they  are  suitable. 

2.  Describe  three  of  the  principal  stones  used  in  building  construction. 

3.  Describe  and  give  sketch  of  three  bonds  generally  used  in  brickwork 

(1}  brick  wall). 

4.  Give  sketch  of  compound  walling,  with  short  description. 

5.  Give  sketch  (section),  and  short  description  of  basement  wall  of  four- 

story  house,  the  basement  being  half-story  and  in  accordance  with 
the  requirements  of  the  model  bye-laws. 

6.  Give  short  description  of  Portland  cement,  also  blue  lias  lime.  Describe 

their  manufacture  and  the  class  of  work  to  which  each  is  applicable. 

7.  Give  short  description  of  the  principal  timbers  (three)  in  use  in  building 

construction,  and  point  out  their  principal  defects. 

8.  Give  three  illustrations  of  the  combined  use  of  iron  and  wood  in  the 

construction  of  a  four-story  warehouse,  35  feet  in  width.  Name  the 
timbers  and  describe  the  scantling. 

9.  Give  illustration  of  shoring  (sketch) — with  short  description — front  wall 

of  house  (bulged  midway),  35  feet  in  height,  sheet  30  feet  wide. 


Subject  : — Sanitary  Science. 

Examiner : — Lewis  Angell,  M.  Inst.  C.E.,  Fellow  of  King's  College, 

London. 

1.  What  space  in  cubic  feet  per  head  should  be  allowed  (a)  for  sleeping 

rooms,  (&)  an  infectious  hospital  ward.  What  are  the  best  means  for 
admission  and  exit  of  air  (ventilation)  in  each  case  ? 

2.  What  means  should  be  adopted  to  preserve  drinking  water  in  a  dwelling 

house  from  pollution  ? 

3.  What  form  of  sewer  is  most  suitable  for  (a)  a  constant  flow,  and  (b)  a 

fluctuating  flow  ? 

4.  What  velocity  of  flow  is  necessary  to  render  a  sewer  self-cleansing  ? 

5.  What  relation  has  size  and  gradient  to  the  discharging  capacity  of  a 

sewer  ? 

2  b  2 


372 


APPENDIX. 


6.  What  is  meant  by  the  terms  "  wetted  perimeter  "  and  il  hydraulic  mean 

depth,"  and  how  is  the  latter  determined? 

7.  Describe  the  methods  of  gauging  the  flow  through  sewers. 

8.  What  are  the  effects  of  barometric  pressure  and  temperature  on  sewage  and 

sewer  air  ? 

9.  State  reasons  for  or  against  the  ventilation  of  sewers  by  open  surface  grids, 

by  high  vertical  pipes,  and  by  furnace  shafts. 

10.  State  what  methods  should  be  adopted  to  prevent  the  entry  of  sewer  gas 
into  dwellings  through  gullies,  rain-water  pipes,  sinks,  baths  and  water- 
closets,  and  make  sketches  in  illustration. 


Subject: — Public  Health  Acts  and  Bivers  Pollution  Acts. 
Examiner : — T.  De  Courcy  Meade,  M.  Inst.  C.E. 

1.  Describe  the  procedure  for  making  up  private  streets  under  the  conditions 

of  section  150  of  the  "  Public  Health  Act,  1875,"  stating  clearly  each 
step  to  be  taken  from  the  commencement  to  the  final  collection  of  the 
cost  when  the  apportionment  is  disputed. 

2.  Describe  in  a  similar  manner  the  procedure  under  the  "  Private  Streets 

Works  Act,  1892." 

3.  State  shortly  the  powers  of  an  Urban  Authority  under  the  Public  Health 

Acts : — 

(a)  With  regard  to  sewers. 

(b)  With  regard  to  drains. 

4.  Have  Urban  Authorities  power  to  purchase  and  plant  trees  in  public 

roads  ?    If  yea,  state  how  they  derive  such  power. 

5.  What  is  the  general  rule  for  defining  the  boundaries  of  public  roads,  and 

give  your  authority  : — 

(a)  When  a  ditch  and  hedge  adjoins  ? 

(b)  When  a  hedge  only  ? 

6.  What  powers  have  Urban  Authorities  with  respect  to 

(a)  Hospital  accommodation  ? 

(b)  Formation  of  a  joint  hospital  ? 

7.  How  will  Local  Authorities  generally  be  affected  by  the  "  Local  Govern- 

ment (England  and  Wales)  Act,  1894  " 
(a)  Urban  Authorities  ? 
(6)  Rural  Authorities  ? 

8.  State  clearly  the  powers  and  duties  of  Urban  Authorities  with  respect  to 

dangerous  structures. 

9.  What  are  the  provisions  of  Section  11  of  the  "  Local  Government  (England 

and  Wales)  Act,  1888  "  ? 
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The  President  of  the  Association  (ex-officio). 

Lewis  Angell,  M.  Inst.  C.E.,  F.E.I.B.A.,  Fellow  of  King's  College, 
London,  Borough  Engineer,  West  Ham  (Past  President). 

H.  P.  Botjlnois,  M.  Inst.  C.E.,  City  Engineer,  Liverpool  (Past 
President). 

J.  Cartwright,  M.  Inst.  C.E.,  Borough  Surveyor,  Bury,  Lancashire 
(Past  President). 

W.  Santo  Crimp,  M.  Inst.  C.E.,  F.G.S.,  M.S.I.,  late  District  Engineer, 
London  County  Council. 

E.  B.  Ellice-Clark,  M.  Inst.  C.E.,  late  County  Surveyor,  West 
Sussex  (Past  President). 

A.  M.  Fowler,  M.  Inst.  C.E.,  Manchester  (President). 

C.  Jones,  M.Inst.  C.E.,  Surveyor  to  the  Local  Board,  Ealing,  W. 
(Past  President). 

W.  G.  Laws,  M.  Inst.  C.E.,  City  Engineer,  Newcastle-on-Tyne  (Past 
President). 

James  Lemon,  M.  Inst.  C.E.,  F.E.I.B.A.,  Consulting  Engineer, 
Southampton  (Past  President). 

Jos.  Loblet,  M.   Inst.  C.E.,  Borough  Engineer,   Hanley  (Past 
President). 

T.  De  C.  Meade,  M.  Inst.  C.E.,  M.  Inst.  M.E.,  City  Engineer,  Man- 
chester (Past  President). 

E.  Pritchard,  M.  Inst.  C.E.,  37  Waterloo  Street,  Birmingham  (Past 
President). 
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CANDIDATES  WHO  HAVE  PASSED  THE 
EXAMINATION. 

Date  of  Certificate. 

May    7,  1887  Adcock,  C.  (Liverpool). 

May    2,  1891  Allen,  S.  (Radcliffe). 

Apr.  22,  1893  Anderson,  H.  E.  (Norwood). 

Apr.  23,  1892  Anderson,  J.  R.  (Norwood). 

May    1,  1886  ..    Angell,  J.  A.  (Leytonstone). 

May  19,  1894  ..    Angel,  R.  J.  (Birkenhead). 

May    1,  1886  ..    Ashmead,  H.  (Clifton). 

Oct.  19,1889  Aspinall,  M.  (Cardiff). 

May    2,  1891  Ball,  B.  (Middleton). 

Oct.  18,1890  ..    Ball,  C.  F.  (Croydon). 

Oct.  16,  1886  Ball,  G.  (Scarborough). 

Apr.  23, 1892  ..    Ball,  J.  B.  (King's  Cross). 

May  12,  1888  Barnes,  S.  W.  J.  (Ealing). 

Oct.  15,  1892  Bassett,  G.  T.  (Birmingham). 

May  12,  1888  Bayley,  G.  H.  (Salford). 

Oct.  16,  1886  ..    Beard,  E.  T.  (Lincoln). 

May  12,  1888  ..    Beynon,  J.  C.  S.  (Exeter). 

Apr.  22,  1893  ..    Birch,  J.  E.  W.  S.  (Norwood). 

Apr.  13, 1889  ..    Blizard,  J.  H.  (Southampton). 

Apr.  13, 1889  ..    Bradley,  J.  W.  (Burnley). 

Oct.  21,  1893  ..    Bradshaw,  F.  E.  G.  (Brighton). 

Apr.  23,  1892  Bradshaw,  J.  B.  (Gateshead). 

Oct.  21,  1893  ..    Brander,  J.  J.  (Aberdeen). 

Nov.  17,  1888  ..     Brown,  R.  R.  (Bridlington  Quay). 

May  19,  1894  Brown,  R.  (Ealing). 

Oct.  16,  1886  ..    Brownridge,  C.  (Leeds). 

Apr.  22,  1893  ..    Brumell,  W.  F.  G.  (Redhill). 

May  12,  1888  ..    Bryans,  J.  G.  (Sunderland). 

Nov.  17,  1888  ..     Bryning,  W.  G.  (Liverpool). 

Oct.  19,  1889  Bucknall,  H.  (Stratford-on-Avon). 

Apr.  13,  1889  ..     Carter,  G.  F.  (Leeds). 

May    3,  1890  ..     Catchpole,  J.  H.  (Hendon). 

Apr.  22,  1893  Chasemore,  A.  E.  (Putney). 

May  19,1894  ..     Clarke,  A.  H.  F.  (Kingston-on-Thames). 

May  19,  1894  ..     Claypoole,  A.  H.  (York). 
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May  19,  1894 

May  19,  1894 

May  1,  1886 

Apr.  22,  1893 

May  19,  1894 

Oct,  22,  1887 

May  12,  1888 

May  7,  1887 

May  2,  1891 

Apr.  23,  1892 

May  12,  1888 

Oct.  16,  1886 

Oct.  21,  1893 

May  19,  1894 

May  7,  1887 

May  2,  1891 

Apr.  13,  1889 

Oct.  17,  1891 

Oct.  18,  1890 

Oct.  18,  1890 

May  1,  1886 

Nov.  17,  1888 

May  12,  1888 

Apr.  22,  1893 

Apr.  23,  1892 

May  7,  1887 

Oct.  19,  1889 

May  3,1890 

May  12,  1888 

May  12,  1888 

Oct.  21,  1893 

May  2,  1891 

May  1,  1886 

Oct.  15,  1892 

Oct.  18,  1890 

Nov.  17,  1888 

Oct.  15,  1892 

Apr.  23,  1892 

May  12,  1888 

May  2,  1891 

Oct.  17,  1891 

Oct.  16.  1886 


Clegg,  H.  (Burnley). 
.     Coales,  A.  F.  (Chelsea). 

Coales,  H.  G.  (King's  Lynn). 

Colson,  C.  H.  (Portsmouth). 

Connah,  E.  (Glasgow), 
.     Cook,  J.  (Bury). 

Cooper,  C.  H.  (Wimbledon). 

Cooper,  F.  E.  (Liverpool). 

Cooper,  W.  (Cheetham). 
.     Cross,  F.  W.  (Walsall). 
.     Crow,  A.  (Stratford,  E.). 

Crowther,  J.  A.  (Leeds). 

Dawson,  J.  H.  (Liverpool). 

Daye,  J.  (Cardiff). 

Dearden,  Hy.  (Leeds). 

Dixon,  J.  K.  (Carlisle). 

Dixon,  W.  B.  (Wolverhampton). 

Dolamore,  F.  P.  (Bournemouth). 

Dyack,  W.  (Aberdeen), 

Edge,  F.  J.  (Barrow-in-Furness). 
.    Fenton,  W.  C.  (Sheffield). 
.     Field,  W.  C.  (Eastbourne). 
.     Finch,  A.  E.  (Finchley). 
.    Finglah,  F.  J.  (Walsall). 
.     Fitton,  G.  (Beading). 
.     Franks,  T.  W.  (West  Bromwich). 
.     Gaffney,  F.  S.  B.  (Athleague). 
.    Gibbs,  L.  (Walsall). 
.    Glass,  S.  N.  (Hackney). 
.     Gloyne,  K.  M.  (Manchester). 

Gordon,  Junr.,  J.  (Aberdeen). 
.     Graves,  M.  D.  (York). 

Greatorex,  A.  D.  (Toxteth  Park). 

Greenwood,  J.  P.  (Barry). 
.    Hall,  W.  (Ealing,  W.). 

Hawkins,  I.  T.  (Chichester). 
.     Hellawell,  0.  (Withington). 
.    Hills,  H.  J.  (Clapham). 

Houghton,  J.  (King's  Heath). 

Hurd,  H.  (Bath). 
.    Ingham,  W.  (St.  Helen's). 
.     Jameson,  M.  W.  (Leeds). 
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Apr.  22,  1893  ..  Killick,  W.  H.  (Southampton). 

Oct.  15,  1892  ..  Lacey,  G.  W.  (Kettering). 

Apr.  23,  1892  Lloyd,  C.  (Chatham). 

May  12,  1888  ..  Lynam,  G.  T.;(Barnsley). 

Oct.  16,  1886  ..  Mallinson,  T.  (Selby). 

Oct.  18,  1890  ..  Manley,  J.  (Liskeard). 

Oct.  21,  1893  ..  Martin,  E.  B.  (Leeds). 

Oct.  22,  1887  ..  Mellor,  T.  E.  W.  (Stockton). 

Oct.  22,1887  ..  Metcalf,  J.  W.  (York). 

May    3,  1890  Miller,  J.  E.  (Durham). 

Nov.  17,  1888  Millington,  J.  S.  (Wavertree). 

May  12,  1888  Milnes,  G.  P.  (Wakefield). 

Oct.  17,  1891  ..  Naylor,  W.  (Wolverhampton). 

Apr.  13,  1889  ..  Nettleton,  H.  (Leeds). 

May    7,  1887  Nichols,  A.  E.  (Leeds). 

May    7,  1887  Nickols,  F.  J.  (Leeds). 

Oct.  19,  1889  ..  Noakes,  H.  S.  (Tunbridge  Wells). 

May    1,1886  ..  Osborne,  F.  (Dover). 

Oct.  22,  1887  ..  Parker,  W.  (Hereford). 

Oct.  15,  1892  ..  Parr,  N.  (Walsall). 

Oct.  15,1892  Perkins,  T.  L.  (Bristol). 

Oct.  16,  1886  ..  Pickering,  J.  S.  (West  Bromwich). 

Oct.  21,  1893  ..  Pickering,  S.  A.  (Burnley). 

Oct.  21,  1893  ..  Pickles,  T.  H.  (Burnley). 

Oct.  19,  1889  ..  Preston,  T.  (Bradford). 

May  19,  1894  ..  Price,  A.  J.  (Brighton). 

May  12,  1888  ..  Pritchard,  T.  (Richmond). 

Apr.  22,  1893  Putman,  W.  E.  (Leeds). 

May    7,  1887  ..  Rich,  E.  W.  (Hounslow). 

Oct.  17,  1891  ..  Roberts,  F.  (Birkenhead). 

May    2,  1891  ..  Saise,  A.  J.  (Stapleton). 

May    1,  1886  ..  Saunders,  E.  E.  (Walthamstow). 

May    7,  1887  ..  Saunders,  J.  (Newark). 

Oct.  21,  1893  ..  Savage,  E.  B.  (Sheffield). 

Oct.  22,  1887  ..  Saville,  R.  W.  S.  (Accrington). 

May  19,  1894  Settle,  J.  A.  (Darwen). 

Apr.  23,  1892  ..  Shackleton,  C.  W.  (Coseley). 

Oct.   16,  1886  ..  Silcock,  E.  J.  (Leeds). 

May  19,  1894  ..  Smith,  W.  (Swanage). 

Oct.  21,  1893  ..  Steele,  W.  J.  (West  Hartlepool). 

Apr.  13,  1889  ..  Stringfellow,  W.  (Southampton). 

Oct.  18,  1890  ..  Sumner,  F.  (Kilburn). 
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Oct.  16, 1886  ..  Sykes,  E.  (Eeddish). 

Apr.  13,  1889  ..  Taylor,  W.  J.  (Southampton). 

Oct.  16,  1886  ..  Thomas,  E.  J.  (Carnarvon). 

Oct.  19,  1889  ..  Thomas,  T.  (Neath). 

Apr.  13,  1889  ..  Tomes,  G.  B.  (Eastbourne). 

May  19,  1894  ..  Trew,  G.  H.  M.  (Lavender  Hill,  S.W.). 

Oct.  16,  1886  ..  Turner,  V.  H.  (Leeds). 

Apr.  23,  1892  ..  Veit,  L.  J.  (Ipswich). 

May    7,  1887  ..  Verschoyle,  B.  (Liverpool). 

Apr.  22,  1893  ..  Videan,  Hy.  (Stafford,  E.). 

Oct.  22,  1887  ..  Ward,  F.  D.  (Manchester). 

May  12,  1888  ..  Wilson,  C.  L.  N.  (Bacup). 

Nov.  17,  1888  ..  Wilson,  J.  B.  (Cockermouth). 

May    1,  1886  ..  Witts,  J.  W.  (Skelton). 

May    3,  1890  ..  Wood,  J.  W.  (Eochdale). 

Oct.   15,  1892  Wright,  J.  A.  (Bristol). 

May    2,  1891  Yarwood,  Hy.  (Eochdale). 

Apr.  23,  1892  ..  Yates,  F.  S.  (York). 

Oct.  16,  1886  ..  Young,  W.  (Pendleton). 
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The  Council,  having  been  requested  to  append  some  short  notice  of 
the  decease  of  Members  of  this  Association,  will  feel  obliged 
by  early  notice  being  forwarded  to  the  Secretary,  with  such 
particulars  as  it  may  be  desirable  to  insert  in  these  '  Pro- 
ceedings.'  


William  Haywood  was  born  in  1821,  and  died  at  his  residence, 
56  Hamilton  Terrace,  Maida  Hill,  on  the  13th  April,  1894.  The 
deceased  gentleman,  who  was  a  man  of  singular  ability  and  sound 
judgment,  became  engineer  to  the  City  Commission  of  Sewers  in 
1846,  having  been  previously  assistant  engineer,  and  during  his 
forty-eight  years'  tenure  of  office  he  rendered  distinguished  service. 
In  1851  he,  with  Mr.  Frank  Forster,  prepared  a  scheme  for 
diverting  the  sewage  from  the  northern  side  of  the  Thames.  In 
1854  Sir  Joseph  Bazalgette  and  he  extended  the  scheme,  and  it 
was  eventually  carried  out  by  the  Metropolitan  Board  of  Works. 
In  1856  he  designed  and  laid  out  the  City  of  London  Cemetery  at 
Ilford.  From  1863  to  1870  he  carried  out  that  gigantic  work,  the 
Holborn  Viaduct,  which  was  opened  by  Her  Majesty  in  person  on  the 
6th  November  1869.  In  1879  he  laid  down  a  complete  system  of 
fire  hydrants  for  the  City,  where  it  was  first  established.  In  1883 
he  designed  and  erected  a  cremator  for  burning  street  refuse. 
Earlier  still  he  suggested  the  site  of  the  new  Tower  Bridge,  and  it 
is  stated  that  during  his  period  of  service  he  carried  out  improve- 
ments in  something  like  half  the  streets  and  places  of  the  City,  at 
an  expenditure  of  some  millions.  Among  these  may  be  mentioned 
the  construction  of  Queen  Victoria  Street  and  the  widening  of 
Ludgate  Hill.  He  was  the  first  to  lay  down  asphalt  pavements  in 
the  carriageways  of  London.  Mr.  T.  de  Courcy  Meade,  the  City 
Engineer  of  Manchester  ;  Mr.  Gk  Wallace,  of  St.  Giles's,  Holborn  ; 
Mr.  Allen,  late  of  St.  Luke's ;  Mr.  W.  Iron,  of  Clerkenwell,  and 
many  other  well-known  municipal  engineers  have  received  no  small 
share  of  their  professional  training  in  his  office.    It  is  impossible  to 


MEMOIBS  OF  DECEASED  MEMBERS. 


379 


enumerate  the  many  works  carried  out  by  the  late  engineer  during 
the  past  fifty  years,  for  in  that  period  there  was  not  an  improve- 
ment with  which  he  was  not  identified.  In  his  long  service  he 
had  carried  out  vast  works  at  an  expense  of  from  4,000,OOOZ.  to 
5,000,0002.,  not  including  the  cost  of  his  great  work — the  Holborn 
Viaduct — which  alone  involved  an  expenditure  of  4,000,OOOZ. 
Colonel  Haywood,  too,  was  the  greatest  living  authority  on  lighting 
and  paving.  His  reports  were  trustworthy  and  judicious,  and  his 
knowledge  of  the  value  of  City  property  was  unequalled.  His 
work,  great  as  it  was,  was  not  limited  to  this  country,  for  there 
was  scarcely  an  engineering  achievement  of  importance  abroad  on 
which  he  was  not  consulted.  Some  weeks  previous  to  his  death 
Colonel  Haywood  expressed  a  wish  to  retire  from  his  position  in 
consequence  of  ill-health,  but  the  Commission  of  Sewers  invited 
him  to  continue  as  consulting  engineer  at  his  full  salary.  He 
passed  through  all  the  grades  of  the  London  Eifle  Brigade,  of 
which  regiment  he  became  lieutenant-colonel  in  1876,  retiriDg  in 
1881.  He  was  one  of  Her  Majesty's  lieutenants  for  the  City,  a 
Fellow  of  the  Koyal  Institute  of  British  Architects,  and  the  holder 
of  several  foreign  orders.  In  accordance  with  his  own  directions, 
the  funeral  service  was  held  at  St.  Mark's  Church,  Hamilton 
Terrace,  after  which  the  body  was  taken  to  St.  John's,  Woking,  for 
cremation.  By  his  death  the  City  Commission  have  lost  the 
services  of  a  distinguished  public  servant,  and  municipal  engineers 
have  been  deprived  of  one  of  the  most  eminent  leaders  of  their 
profession.  Colonel  Haywood  was  elected  an  Honorary  Member  of 
the  Association  in  the  first  year  of  its  existence. 

Samuel  Joseph  Smith  was  born  in  October  1829,  and  died 
on  November  22,  1893.  He  was  apprenticed  to  a  firm  of 
Birmingham  engineers,  and  afterwards  practised  as  an  engineer  in 
private  capacity,  undertaking  Government  work  in  Sandhurst  and 
Sheffield.  He  was  for  some  time  surveyor  to  the  Local  Board, 
Worthing.  In  1865  he  was  first  appointed  assistant  secretary, 
and  afterwards  secretary  to  the  Eivers  Pollution  Commission, 
serving  in  a  similar  capacity  to  the  reconstructed  Commission  in 
1868,  and  was  afterwards  appointed  one  of  the  engineering 
inspectors  under  the  Local  Government  Board,  which  position  he 
retained  until  his  death. 

Mr.  Smith  was  painstaking  and  industrious.  He  was  a  good 
accountant  and  gave  satisfaction  to  the  Treasury  for  the  clear  and 
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lucid  manner  in  which  he  sent  in  his  accounts  at  the  termination 
of  the  Commissions  on  which  he  served. 

As  an  inspector  under  the  Local  Government  Board,  he  had 
some  important  local  inquiries  at  Manchester  and  other  places. 
Mr.  Smith  was  elected  an  Honorary  Member  of  the  Association  in 
May  1884. 

John  Allison  was  born  at  Pathead,  near  Dalkeith,  on  the  26th 
February  1836.  At  eighteen  he  was  articled  for  five  years  to 
an  architect  and  surveyor,  Mr.  Thomas  Jeffrey,  of  Leith  Walk, 
Edinburgh.  On  the  expiration  of  his  pupilage  he  was  for  twelve 
months  an  assistant  in  the  engineer's  office  of  the  North  British 
Eailway  Company.  From  1861  to  1871  he  was  engaged — first 
for  Mr.  B.  Wilson,  of  Dalkeith,  and  subsequently  for  Mr.  James 
Young,  of  Sunderland — on  the  construction  of  various  works, 
including  graving-docks,  hospitals  and  railways. 

In  1867  Mr.  Allison  was  appointed  town  surveyor  of  Jarrow- 
on-Tyne,  which  post  he  held  for  seven  years.  During  that  time 
he  carried  out  extensive  sewerage  and  paving  works  consequent  on 
the  rapid  growth  and  extension  of  the  town.  In  addition  to  his 
municipal  duties  he  was  allowed  to  practice  on  his  own  account  as 
an  engineer  and  surveyor.  From  1874  to  1879  Mr.  Allison  was 
borough  engineer  and  surveyor  of  Bradford,  for  which  he  con- 
structed important  main  and  branch  sewers  for  several  districts  in 
extension  of  the  previous  system,  and  carried  out  various  street 
improvements  and  other  works  costing  451,O00Z.  He  had  the 
general  supervision  of  all  works  under  the  Corporation,  with  the 
exception  of  those  connected  with  the  gas  and  water  departments. 
In  March  1879  Mr.  Allison  left  Bradford  to  take  up  the  appoint- 
ment of  city  engineer  and  surveyor  of  Manchester.  During  the 
fifteen  years  of  his  connection  with  that  city,  he  was  identified  with 
many  important  works  of  improvement.  Fifty  miles  of  tramways 
were  laid  during  his  term  of  office,  and  open  spaces,  public  baths 
and  free  libraries  were  provided.  But  the  most  important  work  he 
carried  out  was  the  design  and  execution  of  a  scheme  for  the 
complete  drainage  and  interception  of  the  sewage  of  Manchester, 
involving  the  expenditure  of  upwards  of  500,OOOZ.  The  main 
features  of  the  scheme  are  described  in  a  paper  read  by  Mr.  Allison 
in  1893  at  a  meeting  of  the  Association  of  Municipal  and  County 
Engineers. 

Mr.  Allison  died  at  his  residence,  Chorlton-cum-Hardy,  on  the 


MEMOIRS  OF  DECEASED  MEMBERS. 


381 


13th  February  1894,  from  heart  disease,  accelerated  by  acute 
pneumonia.  He  had  been  in  ill-health  for  a  considerable  time, 
and  in  spite  of  a  visit  to  the  south  coast  his  strength  gradually 
declined. 

He  was  elected  an  Associate  of  the  Institution  on  the  1st 
February  1876  ;  was  placed  among  the  Associate  Members  in 
1878 ;  and  was  transferred  to  the  class  of  Member  on  the  6th  of 
March  1888. — Excerpt  Minutes  of  Proceedings,  Institution  of 
Civil  Engineers,  vol.  cxvi.  p.  351. 

Mr.  Allison  joined  this  Association  at  its  commencement. 

John  Hill,  born  on  the  18th  December  1812,  was  a  native  of 
Co.  Meath.  Early  in  life  having  manifested  a  strong  partiality 
for  engineering  pursuits,  he  was  apprenticed  to  Mr.  William 
Armstrong,  of  Dublin.  On  the  completion  of  his  professional  edu- 
cation, Mr.  Hill  joined  the  staff  of  the  late  Mr.  (afterwards  Sir 
John)  Macneill,  and  was  for  several  years  actively  engaged  in 
preliminary  surveys  for  railways.  He  also  acted  for  twelve  months 
as  Eesident  Engineer  of  the  Dundalk  Western  Eailway  (now  a 
portion  of  the  Great  Northern  Eailway  of  Ireland).  Subsequently, 
about  the  year  1838,  he  started  on  his  own  account  as  an  engineer ; 
but  on  different  occasions  worked  in  partnership  with  Mr.  James 
Thomson,  of  Glasgow,  when  he  gained  a  large  experience  in 
Scotland  in  surveying,  drainage  works,  building  and  road-making. 

In  1842  Mr.  Hill  passed  a  qualifying  examination  for  the  post 
of  county  surveyor,  and  in  the  following  year  was  appointed  superin- 
tendent of  roads  and  bridges  under  the  Commissioners  of  Public 
Works,  in  which  capacity  he  constructed  nearly  300  miles  of  roads 
in  the  counties  of  Clare,  Gal  way  and  Limerick.  In  1845  he 
received  the  appointment  of  county  surveyor  of  Clare,  which  post 
he  occupied  for  ten  years.  During  the  latter  part  of  that  time  he 
also  acted  as  engineer-in-chief  of  the  Limerick  and  Ennis  Eailway. 
On  leaving  Clare  in  1855  to  take  up  the  position  of  surveyor  of 
King's  County,  Mr.  Hill  was  presented  with  a  handsome  testimonial 
of  plate.  He  remained  in  King's  County,  with  credit  to  himself 
and  advantage  to  the  public  service,  until  1867,  when  the  grand 
jury  of  Clare  invited  him  to  return  to  their  service,  and  voted  him 
a  large  increase  on  his  original  salary.  He  held  the  county 
surveyorship  until  1893,  when,  through  failing  health,  he  was 
obliged  to  retire.  Mr.  Hill  was  most  conscientious  and  energetic 
in  the  discharge  of  his  duties,  as  is  borne  witness  to  by  the  state  of 
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the  public  works  under  his  care  ;  more  especially  the  high  roads  in 
Clare,  which  are  admitted  to  be  amongst,  if  they  are  not  the  best, 
in  Irelaud.  His  vast  experience,  clear-headedness  and  impartiality 
led  to  his  being  in  frequent  requisition  as  an  arbitrator  in  contract 
and  railway  disputes ;  and  upon  several  occasions  he  was  engaged 
by  Government  to  inspect  and  report  upon  the  completion  of  various 
public  works.  In  the  autumn  of  1891  Mr.  Hill  was  sent  to  the 
north-west  of  Ireland  to  inspect  what  were  known  as  Mr.  Balfour's 
Belief  Works.  During  this  tour  he  had  to  take  long  and  fatiguing 
drives  upon  outside  jaunting-cars,  through  a  wild  and  bleak  country, 
fully  exposed  to  the  inclemency  of  the  weather.  Though  ap- 
parently in  good  health  on  his  return  home,  it  was  not  long  before 
his  strength  began  to  fail  and  was  never  again  re-established.  He 
gradually  sank,  and  died  on  the  24th  January,  1894,  at  his 
residence  in  Ennis.  Mr.  Hill  was  Chairman  of  the  Ennis  Town 
Commission  and  Vice-Chairman  of  Clare  Castle  Harbour  Board. 
He  was  a  Member  of  the  Institution  of  Civil  Engineers  of  Ireland, 
and  of  the  Royal  Irish  Academy.  He  was  also  a  Fellow  of  the 
Eoyal  Historical  Society  of  Ireland,  of  which  he  acted  as  Honorary 
Local  Secretary  for  North  Clare.  He  was  an  enthusiastic  Free- 
mason, and  held  high  rank  in  the  Masonic  Order.  Mr.  Hill  was 
elected  a  Member  of  the  Institution  on  the  24th  May,  1870. — 
Excerpt  Minutes  of  Proceedings,  Institution  of  Civil  Engineers, 
vol.  cxvi.  p.  361. 

Mr.  Hill  joined  this  Association  in  August  1891. 

Arthur  Holt  served  his  articles  at  Darwen ;  and  was  after- 
wards appointed  assistant  to  the  borough  surveyor  and  waterworks 
engineer  of  Bradford ;  he  was  then  elected  to  the  office  of  surveyor 
and  borough  inspector  to  the  Bridlington  Local  Board.  In  October 
1878  he  was  appointed  borough  surveyor  of  Beverley,  and  in  1881, 
upon  the  incorporation  of  the  borough  of  Lewes,  was  appointed  as 
the  borough  surveyor.  The  incorporation  brought  with  it  a  much 
larger  area,  consequently  Mr.  Holt  had  a  great  deal  of  work  to  do 
in  the  way  of  footpath  paving,  making  up  streets  and  street  im- 
provements; in  fact,  he  had  to  set  going  the  whole  machinery 
for  carrying  on  the  work  in  his  new  office,  which  was  in  itself 
no  light  task,  seeing  that  previously  so  little  had  boen  done  in 
the  way  of  improvements.  Mr.  Holt  prepared  a  scheme  in  con- 
nection with  the  rebuilding  of  the  Corn  Exchange,  which  building 
was  formerly  incorporated  in  the  premises  known  as  the  Star 
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Hotel,  and  upon  which  site  now  stands  a  handsome  Town  Hall, 
with  council  chamber,  offices,  &c.  Mr.  Holt  was  largely  connected 
with  the  clearing  of  this  site  and  the  erection  of  the  buildings. 
Mr.  Holt  in  July  1891  prepared  a  general  plan  showing  a  scheme 
for  the  drainage  of  the  whole  of  the  borough.  Mr.  Holt  was  an 
Assoc.  M.  Inst.  C.E.  and  also  a  Member  of  this  Association,  which 
he  joined  in  November  1881. 

He  died  on  12th  March,  1894,  after  a  long  illness,  at  the  age  of 
forty-three,  leaving  a  widow  and  three  children.  He  was  widely 
known  and  very  highly  respected.  He  was  interred  at  St.  John's 
Churchyard,  Lewes,  on  the  15th  March,  1894. 

Alan  Stewart,  surveyor  to  the  Maldon  Eural  Sanitary 
Authority,  died  on  the  9th  April  1894,  from  the  effects  of  a 
carriage  accident.  Mr.  Stewart  was  about  thirty-five  years  of  age. 
He  joined  the  Association  in  1887. 

William  Brentnall  was  born  March  1829.  In  1855,  as 
assistant  to  the  late  Mr.  E.  Price,  he  acted  as  superintendent  of 
Bridge  Construction  on  the  Don  Pedro  Legundo  Bailway.  In 
1858  he  returned  home,  and  was  engaged  in  superintending  the 
construction  of  part  of  the  West  Ham  main  sewerage.  From 
1864  to  1870  he  was  employed  as  resident  engineer  on  the 
sewerage  of  Keswick,  Cockermouth  and  Workington,  and  on  the 
water- works  of  Maryport.  In  1870  Mr.  Brentnall  was  appointed 
surveyor  and  water-works  engineer  to  the  borough  of  Tunbridge 
Wells.  During  the  twenty-four  years  he  occupied  that  position 
he  successfully  carried  out  many  large  and  important  works. 
Mr.  Brentnall  died  on  the  20th  June,  1894,  after  several 
weeks'  illness.  He  was  elected  a  Member  of  the  Association  in 
July  1893. 
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